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ae no basic change in the 


physical properties of a liquid 
whether you pump large or small 
volumes. But as the volume being 
pumped approaches the milliliters 
per hour (ml hr) range, several 
constant characteristics of liquids 
tend to become serious problems. 
Metering success depends on how 
well these problems are solved by 
pump design and operating prac- 
tice. 


Compressibility: 

All liquids are compressible, but 
so slightly that there is rarely much 
cause for concern. In small volume 
metering, however, the 0.0277 re- 
duction in volume of water which 
accompanies each additional 100 
psi pressure can represent a 0.34; 
loss ih pumping efficiency. Thus 
the existence of high or fluctuating 
discharge pressures must be con- 
sidered when choosing a micro 
pump. 





Entrapped air: 

Bubbles can be troublesome even 
in high capacity controlled volume 
pumps. But when you’re metering 
at the rate of 1/60 ml per stroke to 
0.3°7% accuracy, a bubble can spell 
disaster. Good pump design can 
minimize the bubble problem by 
speeding bubbles through the liquid 
end in a very few strokes, but only 
good pumping practice can elimi- 
nate it. In our experience, there is 


how to meter small quantities 
of liquid accurately 


eer 


no substitute for a deaerator in 
the line. 


Viscosity: 

Low viscosity liquids tend to pass 
between any but the most per- 
fectly mated ball checks and seats. 
Ball seating techniques recently 
introduced by Milton Roy have 
eliminated this problem, however, 
and extended the number of liquids 
that can be accurately pumped in 
small volumes. For example, a 
miniPump® is now successfully 
pumping 85 ml hr of cyclohexane 
against a discharge pressure of 
1,000 psi to an accuracy of +0.6%. 


Minute volumes also impose 
tight specifications on the pump 
itself. Plungers, balls, and seats 
must be finished to a degree of near 
perfection. Parts are inspected 
under powerful microscopes for any 
sign of imperfections. Proper mat- 
ing of balls and seats is so critical 
that a rigorous functional test is 
necessary. 


Solving these unusual problems 
demands such special equipment as 
the Milton Roy miniPump, and 
special pumping practices. To- 
gether they permit numerous 
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metering jobs not otherwise pos- 
sible. MiniPumps are standard 
equipment wherever small volumes 
of expensive or dangerous liquids 
are to be accurately metered into 
large process streams: perfumes 
into soap, dyes into cheese, odor- 
ants into natural gas, and hydra- 
zine and other amines into boiler 
water. MiniPumps have also 
proved themselves in the chroma- 
tographic analysis of amino acids, 
feeding influent buffers to the 
columns and accurately introduc- 
ing ninhydrin reagent to the 
effluent. 


If precision pumping of small 
volumes of liquid is one of your 
problems, look to Milton Roy’s 25 
years of experience for your most 
economical solution. For more de- 
tailed information on miniPumps, 
write for Bulletin 1257-1. Miiton 
Roy Company, 1300 East Mermaid 
Lane, Phila. 18, Pennsylvania. 


CHEMICAL INSTRUMENTATION SYSTEMS 


Controlled Volume Pumps « Quantichem Analyzers 
Chemical Feed Systems « pH Instruments 





DAYSTROM-WESTON =o 
presents a new high in control flexibility: 


THE 7002. 
PNEUMATIC 
PROGRAM 
CONTROLLER 








Here’s one control unit that can be readily fitted “ “s 
to practically any programmed process or system. 7002 E._-»_- + 7815 
Advanced, accurate, rugged and reliable, the 7002 
pneumatic controller comes with either one or two 
cams, easily cut to your specification; 1-hour to 
7-day cam drives. With the Daystrom 
Stable pneumatic transmission, either single or Weston Dual Case sys 
double, eliminates the need for mechanical rods or prstet gehen peewee 
levers in feeding information to a partner unit, the controller adjacent to 
Daystrom-Weston 7815 recorder. In fact, these et eee ae 
two units are literally made for each other. They reste tenetian on the 
can be mounted adjacent to each other or at sepa- installation demands. 
rate points with equal ease, thanks to cases of 
special construction. 
Dust resistant and moisture-free . . . highly re- 
sistant to vibration and shock... both units feature 


Daystrom-Weston’s famous unitization — which 
means unusual simplicity in design and quick ac- | DAYSTRO M 
WESTON 





























cessibility to all parts. 
For full information, contact your local Weston 


representative, or write to Daystrom-Weston Sales 

Division, Newark 12, N. J. In Canada: Daystrom ‘ 

Ltd., 840 Caledonia Rd., Toronto 19, Ont. Export: Wold Loador UW 

Daystrom Int’l., 100 Empire St., Newark 12, N. J. weoaawiemonls and. contro, 


DAYSTROM-WESTON INDUSTRIAL INSTRUMENTS include a full line of recording and controlling potentiometers with strip and circular 
charts; mechanical recorders and indicators for pressure, temperature and flow; and non-indicating controllers, both electric and pneumatic 
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Neither stargazer nor mystic, this 
K & M technician can nevertheless 
see into the future. His crystal ball 
is a small mass of radioactive Irid- 
ium; his fortune-telling cards, 
gamma-ray pictures of critical valve 
assemblies. With these pictures he 
searches out the kind of subtle flaws 
and tiny imperfections that could 
become trouble spots at some future 
time. And so he is able to predict 
and prevent in-service failures and 
malfunctions. 





Radiographic inspection is just 
one way in which K & M works to 
insure a long and healthy service 
life for its products. K & M’s in- 
plant quality control facilities range 
from a contour comparator, for pre- 
cision checking of small parts, to a 
4000-gpm flow test loop, where 
sample valves from the production 
line are tested for on-stream per- 
formance. Micrometer and calipers 
play an important part, too, for 
each K & M valve is subjected to 


more than eight hundred dimension 
check-outs before it reaches the 
shipping crate. It’s either perfect, 
or “no go.” 

K & M’s meticulous standards of 
quality control are neither myth nor 
magic . . . just good business — for 
us, and for you. 


For a more detailed view of our plant and 
production practices, send for the well-illus- 
trated, informative brochure, ‘‘This Is K & M."" 


KIELEY & MUELLER, INCORPORATED 


diaphragm control valves 


Our 79th Year 


ISA Journal 


Oldest Pressure and Level Control Valve Manufacturer 
64 Genung Street, Middletown, New York 
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Front Cover mag-amp circuits courtesy Airpax Electronics, lac 


SCANNING THE WORLD OF INSTRUMENTATION 


What's New 9 Coming Events 
Economics 12 Research/Development 
International 15 Automatic Control 
Companies on the Move 16 Standards 


FEATURE EDITORIAL 


PRECISION TEMPERATURE CONTROL FOR FIBER GLASS PRODUCTION 
Rock-stable magnetic amplifiers hold bushing temperatures to +1/4° in 2200°F on 200 glass- 
drawing units at Pittsburgh Plate’s new glass-fiber plant. 


CHALLENGE OF THE NEW DECADE — Edirorial, Charles W. Covey 
4. SPECIAL ISA 


PART |: HOW MAGNETIC AMPLIFIERS WORK 
This explanation of saturable cores and hysteresis loops makes mag-amps easy to understand. 


PART Il: TYPES OF MAG AMPS USEFUL IN INSTRUMENTATION 
After studying these seven descriptions and illustrations, you'll know what each type of mag- 
netic amplifier can do for your instrument problem. 


PART Ill: RELIABILITY OF MAGNETIC AMPLIFIERS 
A mag amp is no better than its weakest part: utmost reliability must be built into every 
component. Factors affecting core, rectifier, and capacitor reliability are tabulated. 

Parts 1, Il and Ill: Horace E. Darling 


PART IV: MAGNETIC AMPLIFIERS AT WORK 


Eight outstanding applications from a wide range of industries illustrate flexibility. 


INSTRUMENTATION IN THE SOARING ‘60'S 

A penetrating ISAJ analysis of instrumentation’s part in the “golden” decade ahead: statistics, 
charts, tables, industry-by-industry forecasts, import-export predictions. Must reading for every 
instrumentman — manager to mechanic. 


PERFECT EXPOSURES — AUTOMATICALLY! 
Instrumentmen, most of whom aiso are “shutterbugs,” will be interested to learn how instru- 
mentation — by automatic exposure control — virtually guarantees good photos. L. W. Eisener 


MEASURING STRIP STEEL WITHOUT CONTACT... 
By treating the speeding strip like a giant tape recorder, linear measuring accuracies of 0.1% 
are routine at speeds up to 2400 ft/min — without physical contact. William C. George 


WHAT DOES MANAGEMENT WANT FROM MAINTENANCE IN THE SOARING 60'S? 
One thing is sure: for tomorrow's more complex instruments, management must find or de- 
velop better maintenance men and systems. C. L. Parish 
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. -. to end delivery worries for you. 


Sorensen is able to make immediate delivery on almost every item in 
the widest line of controlled power products on the market. Included are: 
Highly-regulated d-c supplies, a-c line voltage regulators, variable fre- 
quency power sources (frequency changers, 60 to 400 cps and other fre- 
quencies), transistorized dc-to-de converters and dc-to-ac inverters. Ask 
your Sorensen representative about your rush requirements or write: 


Sorensen & Company, Inc., Richards Avenue, South Norwalk, Connecticut. 
9-59 


| CONTROLLED 


POWER 


PRODUCTS 


UBSIDIARY OF RAYTHEON COMPANY 


... the widest line lets you make the wisest choice 
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The Answer To Your Corrosion Problems 


CRESCENT ARMORED MULTITUBE 


FOUR CORROSION-RESISTANT TYPES 


TYPE CT 


RAGE NUNN UNNETESY 


TYPE CTA 
“Say ei 
ot 


aa aoe SS" 
staletala) a 


TYPE CAT 


TYPE CTAT 


rire? 


niall ‘ 


Licensed Under U.S. Pat. No. 2,578.2 


TYPE CT In damp or corrosive locations where a moderate degree of 
mechanical protection to the tubes is required, as in troughs or 
attached to sheltered building surfaces as supporting means, the 
first construction illustrated is recommended. It employs a 
tough, corrosion - resistant polyvinyl chloride thermoplastic 
sheath, resistant to water, acids, alkalies, oils and most chemi- Plastic Coated Single Tubes, 
cals, applied over CABLED copper tubes. The sheath will not copper or aluminum, should be 
support combustion. used to give corrosion protec- 

tion to all single lines up to the 

final tube fitting, where trouble 


TYPE CTA gives corrosion protection to the tubes, and the galvanized 
from corrosion may occur. 


steel armor protects the tubes and polyvinyl thermoplastic 
sheath from mechanical injury during and after installation. 
Recommended for direct burial in concrete or pulling into 
underground conduits. 


TYPE CAT gives corrosion protection to the galvanized steel armor as 
well as the tubing. Recommended where the polyvinyl thermo- 
plastic sheath will not be subjéct to mechanical injury. 


TYPE CTAT Combining the advantages of Types CTA and CAT, the fourth 
type illustrated has the polyvinyl chloride thermoplastic sheath 
both under the armor and over the armor, thus providing maxi- 
mum mechanical and corrosion protection. 


All these corrosion-resistant types can be furnished with copper. 
aluminum and polyethylene tubes, and up to 37 tubes. 


Send for Bulletin 458-C giving complete information and engineering data 


CRESCENT INSULATED WIRE & C 
TRENTON 5, NEW JERSEY 


*Reg. Trade Mark 
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Explorer VI 


isa_---" 
_.-“$pace laboratory 
"orbiting 
around 
the 
seg earth 


~ 
~ 


with ~~~- -_ 


- — 


paddles 
capturing 
sunlight 
for 

power 


The scientific data that will some day enable 
us to probe successfully to the very fringes of 
the universe is being recorded and transmitted 
at this moment by the space laboratory 
Explorer VI, a satellite now in orbit around 
the earth @ This project, carried out by Space 
Technology Laboratories for the National 
Aeronautics and Space Administration under 
the direction of the Air Force Ballistic Missile 
Division, will advance man’s knowledge of: 
The earth and the solar system...The magnetic 
field strengths in space... The cosmic ray 
intensities away from earth...and, 

The micrometeorite density encountered in 
inter-planetary travel @ Explorer VI is the 
most sensitive and unique achievement ever 
launched into space. The 29” payload, 

STL designed and instrumented by STL in 
cooperation with the universities, will remain 
“vocal” for its anticipated one year life. 


Space Technology 


ISA Journal 


How ? Because Explorer VI’s 132 pounds of 
electronic components are powered by storage 
batteries kept charged by the impingement 
of solar radiation on 8,000 cells in the four 
sails or paddles equivalent to 12.2 square feet 
in area @ Many more of the scientific and 
technological miracles of Explorer VI will be 
reported to the world as it continues its epic 
flight. The STL technical staff brings to this 
space research the same talents which have 
provided systems engineering and over-all 
direction since 1954 to the Air Force Missile 
Programs including Atlas, Thor, Titan, 
Minuteman, and the Pioneer I space probe. 


Important staff positions in connection with 
these activities are now available for 
scientists and engineers with outstanding 
capabilities in propulsion, electronics, 
thermodynamics, aerodynamics, structures, 
astrophysics, computer technology, and 
other related fields and disciplines. 


Inquiries 
and resumes 


ce are 
Laboratories, Inc. inited. 
P.O. Box 95004 

Los Angeles 45, California 





SCANNING \ WHAT’S NEW 


THE SOARING ’60’s — Discounting the glowing optimism of every 
crystal-ball gazer, America is entering a period of growth and pro- 
gress without precedent. Based on facts and guarded confidence, we 
see a $700-billion annual economy by 1970, with more than $20-billion 
being spent annually for all types of instrumentation. This is a 
bright prospect in view of an estimated $7.9-billion for instrumen- 
tation in 1960. For details turn to page 73. 


INSTRUMENTS WILL SOAR IN ’60. Industry will pay greater at- 
tention to and more dollars for instruments in 1960 than ever before. 
Top management is placing increasing faith in instrumentation to 
bring about production improvements. The outlook for scientific 
and industrial instrumentation expenditures in 1960 is $4.55-billion 
according to recent Department of Commerce statistics. This is 
approximately 76% of the total instrument production and repre- 
sents a 15% increase over 1959. The processing industries will use 
much of their capital expense money for improving existing facil- 
ities, rather than building new capacity. For example, the chemical 
industry will spend $1,502-million in ’60 with $220-million for in- 
struments; petroleum production plans $754-million capital expense 
with $90-million going for instruments; gas and electrical utilities 
plan about $6-billion capital outlay for ’60 with about $200-million 


going for instruments. 


CENTAUR BRAIN — Minneapolis-Honeywell has awarded a $1.8 mil- 
lion contract to Librascope to develop guidance computers for the 
Centaur space probe. The computers will serve as the brains of 
Honeywell’s Centaur guidance system, one of the smallest general 
purpose digital computers in existence. 


GE ANNOUNCES THERMOPLASTIC TAPE — On January 12 Gener- 
al Electric announced a new process for recording and reproducing 
sight, sound, and coded electrical pulses. Dr. N. E. Glenn of GE says 
that in thermoplastic recording, the top layer of tape is melted by 
heat after electrical impulses are recorded. This forms visible ridges 
on the tape which create an image in a special optical system. Im- 
plied is the crowding of considerable data in a small space. Implied 
also is direct competition for magnetic tape for both commercial 
telecasting and industrial electronic applications, such as computers 
and data handling. 


TOO MANY INSTRUMENTS — An oversupply of complex instru- 
ments may be paving the way for major catastrophes, claims M. L. 
Jones, principal power engineer for E. I. du Pont de Nemours & Co. 
Speaking specifically of boiler operations, Jones said, ““A sometimes 
oversold, highly instrumented boiler frequently results in a manage- 
ment decision that no operator is required or that the unit can be 
maintained by anyone regardless of qualifications.” Jones called for 
formulation of a safety code to strike the proper balance between 
automatic operation and qualified human supervision, as well as 
standardization of protective components. (Please Turn To Page 11) 
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ISA Journal 


IN 1948... 


In 1948 split body construction and power- 
ful high speed, precise positioning pneumatic 
piston actuators were available from only one 
source—Annin. Today, more than a decade 
of accumulated experience in this type of 
valve design makes Annin features and per- 
formance records the best in the valve indus- 


try. Contrary to published statements by 
critics ten years ago, Annin-type construction 
is now available from many sources. But 
when tempted to consider mere-replicas of 
Annin valves, remember this—they might 
give you a few Annin features, but when 
you specify Annin Valves you get them all! 


THE ANNIN COMPANY 
1040 South Vail Avenue 


s 
(Hanin VALVES Montebello, California 
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SCANNING \ WHAT’S NEW (Continued from Page 9) 


MONSANTO UPS PRODUCTION — Monsanto will up production of 
styrene monomer by at least 200 million pounds a year, with the 
first stage of new facilities opening in Texas early in 1961. The new 
facilities are based on advanced technology and process automation 
developed by the Monsanto research and engineering staff — typical 
of chemical industry push to improve processing efficency. 


SOLAR CELLS ON THE MARKET — Highly reliable diffused-junction 
solar cells featuring efficiencies as high as 9% have been put on the 
market for the first time by Texas Instruments. 


PERSISTANT ‘EL’? — A new Stromberg-Carlson method of fabricat- 
ing electroluminescent panels for computer readout displays uses 
specially prepared photoconductor cells to control persistance or 
“fading” of characters on “EL” display panels. Light output was 
found to decay in 0.2 seconds or less at the end of storage time in 
excess of 10 seconds. 


WHOOSH! — Minneapolis-Honeywell has unveiled a tape transport 
that can read or record information at the rate of 96,000 decimal 


digits per second. 


NMR TO REPLACE DILATOMETRY? — Use of NMR techniques to de- 
termine liquid/solid content of margarine, shortening and other com- 
mercial fats may replace the lengthy dilatometric technique, claims 
Dr. Herbert Rubin, chief chemist with Schlumberger Well. NMR is a 
spectroscopic technique based on the absorption of radio-frequency 
energy by certain elements when they are placed in a strong magnetic 
field. 


SIBLING RIVALRY? — Conflict is rearing its ugly head in the happy 
family of research. Inner-directed scientists and engineers are having 
their troubles with outer-directed management. An Opinion Research 
Corporation survey of 622 unhappy engineers and scientists and 105 
disgruntled managers in six major companies deeply engaged in 
scientific research brought to light these charges against manage- 
ment: Nearly everyone (72%) complained that management mis- 
uses their talents; an almost equal number (71%) said their com- 
panies forcét them to overspecialize; 75% claimed corporate pres- 
sures denied them the freedom to work in their own way — such 
pressures as demands for immediate results, schedules, budget prob- 
lems, and pressure to conform to standard methods of problem solv- 
ing. And in case anybody believes that engineers and scientists are 
modern-day Midases, 80% claimed they were underpaid, when com- 
pared to others with similar training and responsibilities. 

Before the cauldron bubbles over, Dr. Christopher E. Barthel of 
Armour Research Foundation suggests that management temper its 
mania for team effort with a bit more emphasis on the dignity and 
productivity of the individual. “All in all,” said Barthel, “manage- 
ment’s policies must be ‘personal’ to stimulate maximum productiv- 
ity of its creative staff.” 
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extension 
wire in 


installation 


costs 


When four or more pairs of thermocouple 
extension wires are needed, SERV-RITE 
thermocouple extension cable will reduce 
installation costs several ways. It takes 
considerably less time compared to pull- 
ing individual pairs of wires through 
conduit. Cable also permits the use of 
much smaller conduit than for the same 
number of individual wires. It can be 
hung without conduit, or installed in 
open trough or by direct burial. 

The cable, as well as each conductor, 
is color coded. Also, each pair of wire 
is marked for quick identification. 

Cables with multiple pairs of four or 
more conductors of the commonly used 
types are carried in stock. 


Write for Bulletin No. 1200-3 


for specifications and data on SERV-RITE 
thermocouple extension cables. 


CLAUD S. GORDON CO. 


Manufacturers ¢ Engineers ¢ Distributors 


623 West 30th Street, Chicago 16, Illinois 
2011 Hamilton Ave., Cleveland 14, Ohio 


CIRCLE NO. 8 ON PAGE 109 


12 ISA Journal 





Martin Switches 


The Martin Company will def- 
initely quit the aircraft business 
this year, Martin will continue 
as a leading missile maker, enter 
the nuclear energy field, and 
expand its work in electronics. 
Despite a recent purchase of 
more than 10% of the common 
stock of General Precision 
Equipment Co., Martin officials 
deny they plan a merger pro- 
posal. 


Contracts, Military 


Major subcontracts have been 
let for Swallow SD-4, jet pro- 
pelled surveillance drone being 
developed by Republic Aviation 
under a $30-million Signal Corps 
Contract. Largest contracts went 
to Minneapolis-Honeywell’s 
Aeronautical Division, Texas In- 
struments, and International 
Telephone and Telegraph. 

The Burroughs Corporation 
won an Air Force contract to 
build an airborne radar station. 
Known as ALRI (Airborne Long 
Range Input), it’s being devel- 
oped as a seaward extension of 
SAGE. 

A $20-million contract goes to 
LFE for production of AN/APN- 
131 airborne navigation gear for 
Republic’s F-105D Thunderchief. 

Philco Corporation’s Western 
Development Labs have award- 
ed a contract in excess of 
$200,000 to Consolidated Electro- 
dynamics for magnetic tape re- 
corder/reproducers for use in 
connection with Project Courier. 

Kearfott Company has an- 
nounced receipt of a contract to 
design, develop and build hy- 
draulic control systems for the 
Pershing missile under a con- 
tract from ABMA, now part of 
NASA. 

Electronic Communications, 
Inc., has won contracts in excess 
of $11-million to provide data- 
link and voice communications 
equipment for the Air Force’s 
Century series of interceptor air- 
craft. 

Autonetics will develop and 
build an all-weather fully auto- 
matic landing system under a 
$422,000 Air Force contract. 


SCANNING 


ECONOMICS 


The Signal Corps has awarded 
total contracts of $860,501 to 
Jordan Electronics, a division of 
Victoreen, for its IM-108 radiac- 
meter, a radiation: detection and 
measuring device. 


Sales & Earnings 

Amphenol-Borg net sales of 
$41,542,630 for the 9 months 
ended Sept, 30 were 24% greater 
than combined (pre - merger) 
sales of Amphenol and Borg of 
$33,395,167 for the corresponding 
1958 period. 

The Garrett Corporation re- 
ported sales of $50,027,782 for the 
quarter ended Sept. 30, com- 
pared with sales of $37,698,430 
for the same quarter last year. 

Varian Associates counts on 
further diversification of product 
lines to be among the factors 
maintaining an upward trend in 
sales volume in 1960. For the 
year ended Sept. 30, Varian re- 
ported a 32% increase in sales 
volume over ’58 — consolidated 
sales were $38,130,311 in 59 com- 
pared with $28,985,714 in ’58. 

Net sales and earnings of Nuc- 
lear-Chicago Corporation for the 
year ended August 31 reached 
new highs. Net sales were $5,147,- 
238, an increase of $1,296,160 over 
the previous year, while net 
earnings increased to $532,986 
from $442,252. 

Success story for LFE (Labor- 
atory for Electronics) went like 
this in fiscal 59: Gross income 
was $20,410,000, more _ than 
double the previous year’s 
$9,429,000; net income amounted 
to 2.8% of the gross compared 
with last year’s 0.5%; common 
stock earnings per share were 
$1.26 compared with $.07 for the 
previous year. 

Daystrom, Inc., net income for 
the first half rose to $802,000 
from $369,000 in the same 1958 
period. 

North American Aviation, with 
a growing proportion of com- 
pany business in such fields as 
electronics and electromechan- 
ical equipment, reported net 
sales of $1,044,899,580 for the 
year ended Sept, 30, compared 
with the preceding year’s sales 
of $904,038,848. 





| asl spre 


Gasoline Plant 
Built With An Eye To The Future! 


This modern absorption-type gasoline plant*, like 

most modern plants of today, was built with an eye 

to the future... with later expansion in mind. - 

Currently stripping 100 MMSCF of natural gas per ne oat ride tgiud thee Oe 
day of propane, iso-butane, normal butane and nat- equipped with a 5 i actuator 
ural gasoline, it can be quickly and inexpensively 

expanded to handle an additional 50‘; of its present 

capacity. 


One very important reason for this plant flexibility 
was the incorporation in its design of wide range and 
capacity controls, such as BS&B Super 70 Control 
Valves, Liquid Level Controls and Regulators. 


BS&B Controls are everywhere proving themselves in 
many different oilfield and other applications the 
world over. Why not specify them on your next job! 


* Name and location supplied on request. 


a BS&B Type 71-08 Sener 
Bracx, Sivatcs & BrYSON. INC. or Conteh vik: aipeiane tai 


Controls Division, Dept. 4-EH 1] relay and a 1” Super 70 valve. 
7500 East | 2th Street Kansas City 26, Missouri 
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at you should... 


< 


...about the ISA spring 
instrument-automation conference and exhibit 


« The ISA Spring Instrument-Automation Conference and Exhibit held in San Francisco, May 9-12 marks the first time 
San Francisco has been host to a national ISA Conference and Exhibit. ISA’s seasonal shows provide the means for more 
instrumentmen to hear and view the latest in instrumentation, find answers and solutions to their automation problems. 


San Francisco Conference program will develop the theme “‘High Speed Computing and Instrumentation for Process 
Control.”’ Nearly 25 sessions with over 70 papers will be held May 9-12 in Civic Auditorium with presentations devoted to 
concepts, techniques and applications of the scientific equipment and methods utilized in many processes and industries. 


«Exhibits covering 30,000 square feet of instrumentation will be featured at Brooks Hall, May 10-12 with nearly 200 

of the nation’s leading instrument manufacturers and their representatives demonstrating and displaying the latest 

instruments, controls and systems. 

PLAN NOW TO ATTEND / PLAN NOW TO EXHIBIT Brite for advance program—exhibitors’ show folder and contract. 
3 ISA INSTRUMENT-AUTOMATION CONFERENCES & EXHIBITS IN 1960 


HOUSTON “.» SAN FRANCISCO NEW YORK 
February 1-4 ee May 9-12 September 26-30 


INSTRUMENT SOCIETY of AMERICA 
313 Sixth Avenue . Pittsburgh 22, Pa. 
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SCANNING 


INTERNATIONAL 





The Common Market 


A U. S. instrument manufac- 
turer has been urged to base a 
plant on European Common 
Market soil in order to meet the 
threat of foreign price competi- 
tion. Douglas P. Crane, president 
of Coleman Instruments, said 
three of his firm’s distributors in 
the Common Market countries 
have warned that U. S. sales in 
that area face the hazardous ef- 
fects of high tariffs and low 
prices of foreign competitors. 

“The best solution,” they said 
“is the establishment of a plant 
in one of the member nations to 
give yourselves a fighting 
chance.” 

Although the distributors 
noted superior efficiency and 
durability in the U. S. designs, 
they nevertheless feared a 
marked upswing in competition 
from foreign makers due, to an 
expanding price differential. 

The Common Market coun- 
tries are France, Italy, Germany, 
Belgium, The Netherlands, and 
the Grand Duchy of Luxem- 
bourg. 


Yankees Abroad 


A new plant for the manufac- 
ture of automatic control devices 
for the growing Common Market 
will be built near Turin, Italy, 
by a newly formed subsidiary 
of Robertshaw-Fulton Controls 
Company, to be known as 
Robertshaw-Italia S.p.A. Robert- 
shaw recently announced that 
another of its subsidiaries is 
building an automatic control 
plant in Sao Paulo, Brazil, The 
firm also has subsidiary manu- 
facturing and marketing facil- 
ities in Canada and Australia 
and an affiliate in West 
Germany. 


Rockwell Manufacturing Com- 
pany claims an extensive two- 
year market research program 
in Germany and other European 
countries has indicated an im- 
mediate volume market for such 
Rockwell products as_ liquid 
meters for the petroleum and 
other liquid-product industries; 
Edward high-pressure, high - 
temperature valves for power 


plants and general industrial ap- 
plications, and light woodwork- 
ing power tools. As a result, 
Rockwell plans to build a new 
150,000 square foot addition to 
its plant in Pinneberg, West 
Germany, for the manufacture 
of these products. 


Arthur D. Little, Inc., has 
opened an office in Zurich, an- 
other step in the research com- 
pany’s international program to 
serve U. S. industry with over- 
seas interests. Other ADL for- 
eign-based operations are in 
Edinburgh and San Juan, Puerto 
Rico. The company has recently 
completed industrial develop- 
ment programs in Northern Ire- 
land, Norway, Iraq and Egypt. 


The Far East 


In a major expansion of its in- 
ternational operations, Day- 
strom, Inc., has joined with 
Nichemen & Co., Ltd., one of 
Japan’s oldest trading compan- 
ies, in establishing a new Japan- 
ese firm to be known as 
Daystrom-Nichemen, KK. Day- 
strom will own a controlling 
interest in the Osaka-based firm 
which will provide it with out- 
lets in the resurgent Japanese 
and Far Eastern markets. The 
U. S. electronics firm plans to 
study the feasibility of establish- 
ing a licensing arrangement for 
manufacture of its products in 
Japan. 


Tokyo Shibaura Electric Co., 
Ltd. (Toshiba), Japan’s leading 
electric industrial company, is 
currently surveying the U‘S. 
market to determine the extent 
of sales possibilities for their 
scientific and industrial instru- 
ments and equipment. 

Toshiba recently started pro- 
duction of a video tape recorder 
based on a completely different 
system than the one currently 
used in the U.S. The unit uses 
only one revolving head, in con- 
trast to the four-headed video 
recorder now in use, and is: thus 
capable of recording the whole 
television field on a single dia- 
gonal track, eliminating the 
problem of horizontal stripes and 
the need to match four heads 
with similar characteristics. 


billions 
of trouble-free 
operations with 


MONITRON 


all-solid-state 


SEQUENTIAL 
SCANNERS 


MONITRON is an electronic scanner which 
monitors from 8 to 256 on-off or go-no-go 
input signals. Scanning rates range from 15 
cps to 1 kc, meeting the bandwidth requife- 
ments of almost any application 


DECODER 


@ All solid-state components 
for years of reliable, maintenance-free 
service 


Modular, plug-in design 
for instant replacement and future system 
expansion 


Fully compatible 
with existing telephone, telegraph and 
microwave practice 


@ Available either in integrated systems 
component modules : 


Anywhere you have need for alarm monitoring, 
centralized control, or an automatic alarm- 
and-control closed loop, you'll find that 
Monitron offers performance advantages over 
any other system. 


Monitron is widely used for supervisory con- 
trol in pipeline and railroad applications, for 
microwave alarm systems in unattended sta- 
tions, and for PDM multiplexing systems. Other 
uses include telemetering digital information, 
converting parallel data to serial data, and 
time multiplexing of slowly changing or quasi- 
Static signals. Cost is comparable with older- 
style systems; reliability and ease of opera- 
tion are way ahead. 


For more information: 


Moore Associates, inc. 
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POSITIVE CONTROL OF MATERIALS IN MOTION (QI 
COMPANIES 


4 ON THE MOVE 


NE 
d Reorganizing 

co ROSION- International Electronic Re- 
RESISTANT search Corp. has established a 
new Commercial Produ ts Di- 
PRIMARY vision . . . Garrett Corp. has 
merged two sales divisions, Air- 
cUuTS supply and Aero Engineering, 
into a single operating unit — 
PUMPING cosTs Airsupply-Aero Engineering Di- 
vision . . . Electronic Associates 
has reorganized along divisional 
lines: Marketing, Manufacturing, 
Engineering, Computation cen- 
ters and European .. . Avien, 
ACIDS . © $a ( Inc., has formed a new Depart- 
ree ? ment of Undersea Technology 
ALKALIES-: *e, . . . Autonetics has formed four 
GASES ot? Se separate product divisions: Arm- 
‘as , — ament and Flight Controls, Com- 
SLURRIES- : # puters and Data Systems, Inert- 
ial Navigation and Industrial 

Products. 





SURES 


Mergers 


Electronic Research Associates 
have acquired Advanced Acous- 
tics Corp. .. . Robertshaw-Fulton 
has acquired Mairco, Inc., Gos- 
hen, Ind., manufacturer of auto- 
matic control devices . . . The 
Crane Company, Chicago, has 
voted to acquire The Swartwout 
Company. 


Oe tbs-PFouilore Insert-Type Plastic Dall New Firms 


Flow Tube Accurately Measures Difficult Fluids At Lower Cost. General Precision Equipment 
Corp. has consolidated its four 

: . —_ major subsidiaries — General 

. ie pumping and transmission costs . . . lowest head Precision Leb. Reaséote, Libeo- 
oss obtainable. scope and Link Aviation — to 

e Lowers initial and instailation costs . . . eliminates field form a new operating company, 
General Precision, Inc. . . . Cetec 


drilling, requires less space . . . compact, low cost, lightweight Seiten Ane tateaietel Wee 
tube installs between pipe flanges on process line. Redwood City Calif. has been 


© Accurate... within + 1% of actual flow rate uncalibrated; formed to manufacture elec- 
tronic display equipment 


ithin + % of 1% calibrated. 
sseaaana ¥ salami Atomium Corp., designers and 


With most complete line of primary elements, backed by 69 manufacturers of special nuclear 
systems of high engineering and 


years of experience, B-I-F can provide the answers to your fluid we os ; 
measurement problems. | Physics content, has been form- 
P ed, with offices at 940 Main St., 

Waltham 54, Mass. 





industries _ Building 
General Electric plans to build 

a $14-million space technology 

METERS * FEEDERS + CONTROLS / CONTINUOUS PROCESS ENGINEERING research center at Valley Forge, 
Pa, .. . IBM’s Supplies Division 

Request Bulletin i 15-R1 for complete details. Write . . . gatas gg ee Ba 

B-I-F Industries, Inc., 553 Harris Ave., Providence 1, R. I. facturing plant at Campbell, 
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The New 
Ramo-Wooldridge 
Laboratories 


in Canoga Park 


_2.an environment dedicated to 
i€-ledalale}leleilet-0 mam -t-1-1-tgeiame-laleMol-\\4-11e]e)aal—ial' 


The new Ramo-Wooldridge Laboratories in Cancga 
Park, California, will provide an excellent environment 
for scientists and engineers engaged in technological 
research and development. Because of the high degree 
of scientific and engineering effort involved in Ramo- 
Wooldridge programs, technically trained people are 
assigned a more dominant role in the! management of 
the organization than is customary. 

The ninety-acre landscaped site, with modern build- 
ings grouped around a central mall, contributes to the 


academic environment necessary for creative work. The 
new Laboratories will be the West Coast headquarters 
of Thompson Ramo Wooldridge Inc. as well as house 
the Ramo-Wooldridge division of TRW. 

The Ramo-Wooldridge Laboratories are engaged in 
the broad fields of electronic systems technology, com- 
puters, and data processing. Outstanding opportunities 
exist for scientists and engineers. 

For specific information on current openings write 
to Mr. D. L. Pyke. 


THE RAMO-WOOLDRIDGE LABORATORIES 


8433 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA 
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DEKORON 
OWA OW OIG 


Advantages of Dekel ibihdaiie instrument tubing hartael! 
are now four-dimensional. You get, in addition to its inherent Stine 
lower-cost installation . . . chemical . . . impact . . . fire resistance. ee 


And the advantages of Dekoron Protecto-Pac multiply the 
closer you examine them. For example, you can get Protecto-Pac 
in many forms to suit your requirements exactly — from stock. 


If there is danger from weld splatter, sparks or a potential fire 
hazard — order Dekoron Protecto-Pac Type FB. If you wish 
to bury it underground — specify low-cost Protecto-Pac Type B. 
Both types supplied with virtually any number of individual 
tubes, and also with new metal armor protection. 


You can pay more but you can’t buy better, 
longer-lasting instrument line harness tian Dekoron — 
America’s Premier Instrument Tubing Line. 

TYPE FB 
_ FOR FIRE AND IMPACT RESISTANCE 





TYPE B 
FOR UNDERGROUND BURIAL 


tape bonded to back- 
of Mylar® for moximum 


QUALITY + RESEARCH + SERVICE 


SAMUEL MOORE & COMPANY + DEKORON PRODUCTS DIVISION *+ MANTUA, OHIO e 


hao i A a a 
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THE HIGHEST POSSIBLE QUALITY 


THE HANDIEST GUIDE TO THE VARIOUS AND SUNDRY 
METHODS PRESENTLY AVAILABLE FOR MEASURING FLOW 


It has been our pleasure and profit 
over the years to aid and assist divers 
engineers in the estimable task of 
selecting the one—nay, the only de- 
vice best suited to measuring a given 
flow. But truly, the years have added, 
the devices have multiplied, and the 
task of selection has grown ever more 
complex. As a result, the “handy” 
guides, so reminiscent of an earlier 
day have grown less handy all the 
time. Let us see how handy we can be. 


LESSON | 


There are but four major types of 
flowmeters. 


1. VARIABLE-AREA t 
(ROTAMETERS) t 


ry 





2. VARIABLE HEAD re 


(ORIFICES, | 


VENTURIS & CO.) 





3. INTEGRATING 
(TURBINE) 











4. OBSTRUCTIONLESS 
(MAGNETIC) 


1960 Fischer & Porter Company 


LESSON II 


In order to be as handy as possible, 
we shall limit our discussion of the 
advantages of the four basic types to 
a single characteristic benefit. 

1. Variable-Area: linear scale 

2. Variable Head: flexibility 

3. Integrating: accuracy 

4. Obstructionless: obstructionless 


LESSON IH 
The lesson to be learned may well be 
that there is a definite limit to just 
how “handy” one can be . . . and still 
serve as a guide. Six pages hold the 
record at present. We call the guide 
Bulletin 91-119, but others have called 
it the first practical map ever pub- 
lished to the land of flowmetering. 


LESSON IV 

There are those who philosophically 
oppose all “handy” guides. If you are 
among that group, we can only state 
that we make them all . . . every one 
of the four major types. A call to our 
technical assistance group will bring 
you a firm recommendation unen- 
cumbered by bias or prejudice. 


THE JUSTLY 
CELEBRATED 


MAGNETIC FLOWMETER 
OF FISCHER & PORTER 


one of the very best flow instruments ever invented 


A clear length of pipe that accu- 
rately measures liquid flow by the 
invisible MAGNETIC FIELD! 
SOMETHING NEW! Measures the 
flow of any liquid with a conduc- 
tivity of no less than 0.1 micromho 

r centimeter. 

easures flow IN EITHER DIREC- 
TION and without auxiliary equip- 
ment. 
Handily provides full scale record- 
ing of ANY FLOw RATE from 1 to 
30 feet per second at the TURN 
OF A DIAL 


extends the range of accurate flowmetering to 
heretofore unbelievable limts' 
YOUR ATTENTION INVITED! 








THE PROCESS 
ACCOUNTANT’S FRIEND 


UNMATCHED 


FOR ACCURACY 


There is a reason why the turbine 
meter is called the accountant’s 
friend. For accuracy over a wide 
range of flow it knows no equal. 
As a billing, accounting, or com- 
puter input meter it is non pareil. 


Do You Ask Why? 


Each and every revolution of the 
bladed rotor signifies the passage 
of a definite unit of fluid volume 
with an electrical pulse. The total 
number of counts—or rotor revo- 
lutions—is proportional to total 
volume of fluid passing through the 
meter in a given time period. 


It Is A Friend To All 


The selfsame accuracy, reliability, 
convenience, and compactness 
which have endeared the Fischer 
& Porter turbine meter to the 
arbiters of process economics have 
made it the meter of the missile 
and jet man as well. Few indeed 
are the test stands that do not 
rely on the turbine meter for criti- 
cal flow information. 


The Fischer & Porter Turbine Meter 


Like other F&P meters it is char- 
acterized by a perfection of design 
and manufacture that lifts it from 
the commonplace and sets it apart 
in every respect. A thorough study 
of pertinent data will assure you 
that this is no mere boast. We 
shall gladly aid you in such study 
to the full extent that life and limb 
permit, if you will but notify us 
of your interest. 


This company, by purchasing the 
very finest raw glass of the proper 
composition and reforming it over 
mandrels of unexcelled strength, dur- 
ability, and precision, on machines 
of our own design, and by calibreting 
and testing them to perfection, are 
enabled to offer the best 


of an unsurpassed excellence at the 
lowest market rates. The long ex- 
perience of the present management 
of the company, and the enviable 
reputation they have established for 
F&P FLOWRATORS are deemed a suffi- 
cient guarantee that purchasers can 
at all times depend upon receiving 
flowmeters unsurpassed by any others 
for accuracy and dependability. 


____ 2700 Variable-Area Flowmeter 

___ Variable Head Meter 
__ Turbine Meter 

____ Magnetic Flowmeter 

___**How To Select Flowmeters”’ 
__“*Instruments Available from Stock’’ 


NAME: TITLE: 
COMPANY: 


state your pleasure, gentlemen! 


To better acquaint our far reaching public with the 
BENEFITS and ADVANTAGES of our products we 
have caused to be printed handsome booklets for the 
éeneral edification. We will gladly post to you a selection 
of these works upon your application. Make a selection 
at your leisure from the list below. Sign your name 
and address in the generous space provided, and send 
it to us. We are your obedient servants in this as in 
all other matters. 














Fischer & Porter Co., Hatboro, Pa. 


These MANUFACTURING AFFILIATES carry Fischer & Porter engineering designs to the tar corners of the earth: FISCHER & PORTER LTD_ WORKINGTON, CUMBERLAND, ENGLAND @ FISCHER & PORTER G.m.b.H., GROSS- 
ELLERSHAUSEN, BE! GOTTINGEN, GERMANY @ FISCHER & PORTER N. V., KOMEETWEG 11, THE HAGUE, NETHERLANDS © FISCHER & PORTER Pty. LTD., 184 HANNA ST., SOUTH MELBOURNE, VICTORIA, AUSTRALIA 





HONEYWELL 


ER 
GALLAGH 
o* 
<° 


+ 
rs 
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~~ 
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Communicate in confidence with: 


GREATER ST. PETERSBURG CHAMBER OF COMMERCE 


Jack Bryan, Industrial Director Dept. ISA St. Petersburg, Florida 


t 
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Inc. 
EMICALS & CONTROLS, 


AN CH 
— PITTSBURGH, PA. 


Send for this bulletin. Hagan’s PowrMag analog computer 
control offers the highest degree of flexibility yet devised 
for industrial control. A new bulletin, MSP-163, shown 
above, gives full details on the system, the magnetic control 
units, the patchboard, and provides useful information on 


CHEMICALS & 


determining computer requirements. HAGAN sontnoce inc. 


DIVISIONS: CALGON COMPANY, HALL LABORATORIES 


HAGAN BUILDING, PITTSBURGH 3O, PA 
n Hagan Corporation (Canada) Limited, Toronto 


SEND FOR YOUR FREE COPY TODAY curcseen Oivision, Vie Fiumengose No. 13. Muano, italy 
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SCANNING \COMING EVENTS 





Iron and Steel Conference 
Program 


Fourteen papers on instrumen- 
tation methods, problems and 
solutions will be given at the 
1960 Iron and Steel Confernce. 
Sponsored by ISA’s Pittsburgh 
Section, the Conference will be 
held at the Roosevelt Hotel, 
March 23 and 24. 

Among the papers to be pre- 
sented are two on steelmaking 
processes. One paper will fea- 
ture a discussion of the Stora 
Kaldo steelmaking process. Co- 
author of this paper, with D. R. 
Berg of the Dravo Corp., is T 
O. Dormsjo, manager of the New 
York offices of Sweden’s Stora 
Kopparberg Corporation. 

Co-chairmen of the two-day 
conference are J. Ward Percy, 
U.S. Steel, and Richard R. Web- 
ster, Jones & Laughlin Steel 
Corp. Papers to be presented 
are: 

The Stora Kaldo Oxygen Steelmaking Process, 
D. R. Berg, Dravo Corp., and T. O. Dormsio, 
Stora Kopparberg Corp 

Instrumentation used for metallurgical 

and operational studies of the Stora Kaldo 

Oxygen steelmaking process will be dis- 

cussed. Description of process, including 

sound-color film made at Swedish plant; 
description of an on-the-spot analog com- 


puter for directing chemical and tempera- 
ture modifications in the process. 


The L-D Steelmaking Process, D. J. 
Kaiser Engineers. 

Design information for instrumentation 

used in regulating and controlling L-D 

steelmaking process; brief description of 

this basic oxygen steelmaking process. 


Pearse, 


Data Logging and Problem Analysis on Elec- 
tric-Arc Furnaces, J. A. Brosovic, Republic 
Steel Corp. 

Mobile instrumentation adapted for quick 
on-the-spot analysis of electric-arc fur- 
nace problems; new technique of using 
photographic equipment along with data 
logging equipment to study energy distri- 
bution around the hearth versus flame 
propagations. 


Spectrographic Analysis of Pure Metals, K. Ac- 
ams, Westinghouse Research. 

Special instrumentation required for the 

spectrographic analysis of metals will be 

discussed; relates to non-ferrous metals 

but will be ef interest to steel producers. 


Differential Pressure Control of Blast Furnaces, 
Otto J. Leone, The Bristol Co. 

A mechanical analog model and a mathe- 

matical relationship will be used to de- 

scribe behavior of blast furnace; improve- 

ments possible with differential-pressure 

control over top-pressure control will be 

demonstrated by varying the parameters 

of the b den 

Unique Features of Electronic Control, A. E. 
Turner and N. B. Nichols, Taylor Instrument 
Companies. 

Several application problems in electronic 

control will be examined, including con- 

trol-output stabilizing when transferring 


from manual to automatic operation, 
changing controllers proportion response 
gain without bumping the control-output, 
and limiting excursions of the control- 
output. Signal transmission methods will 
be discussed. 


A New Approach in Selecting Process Control 
Equipment, —. W. Williams, United States 
Steel Corp. 

Paper covers desirable way to select proc- 
ess control equipment in conjunction with 
equipment manufacturers. Brief history 
of instrumentation at Fairless Works and 
its automation program—present and fu- 
ture will be discussed. 


Control Requirements for Blast Furnace High 
Pressure Operation, Arnold J. Karsten, Kop- 
pers Company, Inc. 

Description of valves and controls neces- 

sary for high pressure operation of blast 

furna ves; particular attention to equalizer 
and relief valves; septum valve and in- 
verted bleeder valves and their controllers. 


A New Open Hearth Electrostatic Precipitator 
Gas Cleaning System, Car! R. Muck, United 
States Steel Corp. 

Development of the open hearth electro- 
static precipitator gas cleaning system at 
OH5, USS Homestead Works. Because of 
short time since installation, only small 
amount of performance data will be in- 
cluded; emphasis will be on draft controls 
and electrical control associated with pre- 
cipitator. 


Automatic Controls for Present and Future Biast 

Furnaces, J. F. Sigh, United States Steel Corp. 
Application and evaluation of blast fur- 
nace automatic controls as related to stove 
reversing, stock house filling and high 
top pressure. Certain aspects of existing 
controllers and prospective future con- 
trollers for the blast furnace and its 
auxiliaries will be discussed. 


Soaking Pit Instrumentation and Control, M. E 
Krucik, United States Steel. 

Temperature measuring and control equip- 

ment associated with the new Griscon, 

Russel and Shack Recuperator-type soak- 

ing pits will be discussed. 


Nondestructive Testing of Steel Tubular Prod- 
vets, E. Blair Henry, Jr., United States Steel 
Corp. 

Outline of general problems associated 
with nondestructive testing of steel pipe 
and tubes will be given, along with meth- 
ods for their solution. Specific installations 
to be described: ultrasonic inspection of 
resistance welded pipe; fluoroscopic in- 
spection of submerged-arc welded line 
pipe; magnetic steel grade sorting 


Continuous Nondestructive Inspection of Heavy 
Welded Pipe, W. M. Smith and T. Manis 
Jones & Laughlin Steel Corp 


New equipment for ultrasonic inspection 
of long welded pipe seam in electric 
welded pipe will be discussed; unique 
means for following movement of pipe 
contacting the pipe or calibration stand- 
ard at identical circumferential positions, 
and maintaining constant clearance be- 
tween the pipe and the search unit. 
Annealing Line Instrumentation, Quentin M 
Bloom, Weirton Steel Co. 

Description and comparison of instrumen- 
tation on two types of continuous anneal- 
ing lines in operation at Weirton Steel 
will be given. 


For advance program, circle 601 
on page 109. 


Process Computers 


Computers in the processing 
industries — their present and 
future — is the subject of a one 
day symposium planned by the 
ISA New Jersey Section. 

The day-long discussion of 
analog and digital computing 
methods will be on Tuesday, 
April 5, at the Essex House in 
Newark. 


Analog Methods 


The morning session will be 
devoted to analog methods. The 
head of a prominent research 
firm will discuss the generation 
of mathematical functions using 
both pneumatic and electronic 
devices. This will preface a 
discussion of the application of 
these methods to a continuous 
process. 

The afternoon session will 
open with a discussion of the 
generation of mathematical func- 
tions using digital methods. This 
will be followed by a paper on 
the problems, methods and re- 
sults of applying a digital com- 
puter to a continuous process. 


User’s View 


A representative of Union Car- 
bide Nuclear then will present a 
user’s viewpoint of the economic 
justification of a large-scale com- 
puter. 


To round out this all-round 
look at computing methods and 
techniques, it is planned to open 
the program with a discussion 
of the history of the art of data 
manipulation, and to close with 
a prediction of future computer 
possibilities. 

A total of eight speakers will 
present papers on the various 
topics mentioned above. 

The symposium will close with 
a dinner at 6:30 p.m. at the Essex 
House. Dinner speaker will be 
V. V. Tivey of the Foxboro Co. 

For registration information, 
contact: Dave Hankinson, Bailey 


Meter Company, 110 Halsted St.. 
East Orange, N. J. 


For advance program, circle 602 
on page 109. 
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NEW —per inch 


CARRIER AND LOW LEVEL PREAMPS —per dollar 


OFFER MORE RECORDING USEFULNESS —per channel 


ee) 
ie 
EEE 


Co a a i 


* we 


Ve ITH the availability of these two new plug-in preamplifiers SPECIFICATIONS 


and associated MOPA, Sanborn 6- and 8-channel *’850"" oscillo- 
graphic recording systems can now record an even wider variety 
of inputs — wherever many channels are needed in minimum 
panel space, with no sacrifice in system accuracy or reliability 
The 850-1100A is a carrier amplifier-demodulator unit designed 
to work with resistance bridge, variable reluctance and differen- 
tial transformer transducers. Attenuator, smooth gain, position 
and balancing controls are on the 2” x 7” front panel; input and 
output connections are provided at both front and rear. The | Output 
850-1500A is a chopper amplifier with floating input isolated 

from a floating output, capable of measuring low level | Freq. response oo = “7 
DC-100 cps signals such as those from thermocouples and = 
strain gage bridges. Design provides low noise operation, greater | Linearity 
freedom from ground loop interference and high common mode cecesececeaceas 
rejection ratio. Required carrier excitation (2400 cps standard, pee nme for DC with 5000 ohms un- 
600, 1200 and 4800 cps optional) and chopper drive (440 cps) = 
voltages are supplied by the 850-1900 MOPA, a dual-oscillator Noise ee eee Wea 
unit which can handle up to eight of each preamplifier. 





850-1100A 850-1500A 





Sensitivity 100 uv in gives 1 v at output 





Input impedance opprox. 2500 ohms approx. 100,000 ohms 





+2.5v across 3300 ohms | +2.5 volts across 2500 ohms 





0-100 cps, —3db 





+0.5% of full scale +0.1% of full scale 























(data subject to change without notice) 


SQw SANBORN COMPANY 


Industrial Division 


Ask your Sanborn Sales-Engineering representative for complete 
facts on all "850" system units — or write the main office in Waltham. 175 Wyman St., Waltham 54, Mass. 
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SCANNING / COMING EVENTS (Continued from Page 23) 


Chemical and Petroleum 
Symposium 


Fourteen papers are set for 
ISA’s Third National Chemical 
and Petroleum Instrumentation 
Symposium, Rochester, N. Y.., 
April 4-6, Hotel Sheraton. 

Symposium honorary chair- 
man Donald McMaster, Chair- 
man of the Executive Commit- 
tee, Eastman Kodak Company, 
will give the welcoming address. 

The keynote address, “The 
Role of Instrumentation _ in 
Chemical Plants of the Future,” 
will be given by Marne A. Dubs, 
Engineering Lab Manager, The 
Linde Co. 

Two plant tours are planned 
for Wednesday, April 6. Ar- 
rangements have been made to 
tour Kodak Park where visitors 
will see the roll coating process. 
Control of temperature, pressure 
and solvent-vapor level play an 
important part in the successful 
operation of each of the 18 
machines in this division. A cen- 
tral control panel with 65 points 
of measurement and 25 control 
loops serves each machine. 

The second tour will cover 
Taylor Instrument Companies, 
where tourists will see the fa- 
brication of instrument panels 
from sheet steel to fully-assem- 
bled units. Also on route will be 
a division devoted to the man- 
ufacture of all types of liquid- 
in-glass thermometers. The plant 
tour will cover component manu- 
facture, assembly, calibration, 
testing and synchronization. 


Technical Sessions 


Among the features planned 
for the technical sessions is a 
panel discussion on the instru- 
ment technician — who is he, 
how and where is he developed? 

Lloyd E. Slater, executive 
director of FIER, will be one of 
the panel members. 

Papers will cover such topics 
as “Utilization of Dynamic Ana- 
lysis Data in Systems Engineer- 
ing,” “Process Control by Analy- 
zers, Computers, or Both,” “Con- 
trol and Measurement in a Com- 
puter Operated Pilot Plant.” 

For program, circle 603. 


Power Symposium Joins 
ISA Spring Conference 


“High Speed Computing and 
Instrumentation for Process Con- 
trol” is the theme set for ISA’s 
Spring Conference and Exhibit 
in San Francisco, May 9 through 
12. The Conference program will 
be held in the San Francisco 
Civic Auditorium, which is ad- 
jacent to Brooks Hall, where the 
Exhibit is scheduled. 


Concurrently with the Spring 
Conference, ISA’s Power Divi- 
sion will sponsor the 3rd Nation- 
al ISA Power Instrumentation 
Symposium. The sessions for this 
event, set for May 9 through 11, 
will be held at San Francisco 
State College. 


San Francisco Conference 
Program Coordinator, W. B. Mil- 
ligan of Shell Development Com- 
pany, has announced that a full 
conference program appealing to 
a wide range of industry and 
technical interests is planned. 
Something new at ISA Confer- 
ences will be the two sessions on 
Air Pollution Instrumentation, 
sponsored by the Analysis In- 
strumentation Division. The pop- 
ular Instrument Maintenance 
Clinic is also set for a return en- 
gagement. 


The San Francisco Host Com- 
mittee is planning a full program 
of social events, highlighted by 
a banquet on Monday, May 9, at 
the Jack Tarr Hotel. There will 
be a Ladies Program, and plant 
tours are also in the planning. 

The official headquarters hotel 
in San Francisco is the Jack 
Tarr. Other ISA hotels are the 
Whitcomb, the Fairmont and the 
Sir Francis Drake. 


ISA’s Exhibit will bring to the 
West Coast a large display of 
industrial and laboratory instru- 
ments. Exhibitor interest is high, 
with many requests already in 
for Exhibit space. 


For all information on the San 
Francisco Conference and Ex- 
hibit, contact William H. Kush- 
nick, Executive Director, Instru- 
ment Society of America, 313 
Sixth Avenue, Pittsburgh 22, Pa. 


Southeastern Show 


W. H. Matthews, general chair- 
man of ISA’s Southeastern Con- 
ference and Exhibit, reports that 
an attendance of more than 2,000 
engineers is expected at the tech- 
nical sessions and equipment ex- 
hibit. The event is planned for 
April 27 through 29 at Pensa- 
cola’s Municipal Auditorium. 

More than 175 manufacturers 
will display instruments of in- 
terest to the chemical and pulp 
and paper industry and to mili- 
tary establishments in the South- 
east. For program, circle 604. 


Flight Test Symposium 


ISA’s Aeronautical Division 
has announced that San Diego, 
Calif.. has been chosen as the 
location for the 1960 Sixth An- 
nual Flight Test Instrumenta- 
tion Symposium. The four-day 
event, scheduled for May 2 
through 5, will be held at the 
Hotel Del Coronado. Over 500 of 
the nation’s leading flight test 
engineers will attend. 

The San Diego Section has 
been named as host committee 
for this annual event. The com- 
mittee includes Robert Ackley, 
Harold Cheney, Don Wilson and 
George de Mateo of Convair; 
John Jensen, Bendix Pacific, and 
Robert Galley of Stellardyne. 

For program, circle 605. 


First Safety Symposium 


ISA’s first national sympos- 
ium on “Safety for Electrical 
Instrumentation in Hazardous 
Areas,” is set for May 2 and 3 
in Wilmington, Delaware. 

Seven papers are planned: 

The Electrical Code and the 
Underwriter’s Laboratory. 

Electrical Ignition of Flam- 
mable Gases. 

Minimum Electrical Energy 
for Auto-Ignition of Gas Mix- 
tures in Instrument Cases. 

Intrinsic Safety. 

Considerations in Instrument 
Case Purging. 

Explosion-Proof Enclosures — 
Design, Tests and Maintenance. 

Electrical Protection in Pot- 
ting and Sealing. 
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Foxboro Consotrol control panel at W. R. Grace & Co. polyethylene plant in Baton Rouge, Louisiana. 


Foxboro Consotrols* help put 50 million pound 


“Perfect instrument performance on start-up,” reports W. R. Grace & Co.’s 


50 million pounds of GREX — W. R. Grace & Co.’s 
new high strength plastic resin — that’s the capac- 
ity of their new Polymer Chemicals Division plant in 
Baton Rouge, La. Instrumentation for the 30 acre, 
multi-million dollar facility was supplied by The 
Foxboro Company. 

“Our main Foxboro panel was a big help in getting 
this temperature-controlled process off to a success- 
ful start,” reports instrument supervisor Al Farris. 
“Over 95% of the variables on the panel are con- 


*Reg. U.S. Pat. Off. 
ISA Journal 


trolled — many of the key ones are part of cascade 
control systems. Instrument performance on start-up 
was perfect.” 

Grace instrument men like their Foxboro pneu- 
matic Consotrols for other reasons as well: The M/54 
Recorder’s 4-inch vertical-travel chart... the drawer- 
type pull-out feature of Consotrols ... the fact that in 
18 months of operation not a single Consotrol has 
needed re-calibration. 

Foxboro Consotrol instrumentation includes con- 
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Polymer Chemicals Division 


trol functions for all types of processing require- 
ments — auto-selector ... cascade and ratio systems 
. . . automatic batch control. Get the complete story 
by writing for Bulletin 13-18. The Foxboro Company, 
341 Neponset Ave., Foxboro, Mass. 


FOXBORO 


REG. U.S. PAT. OFF. 


30-acre W. R. Grace & Co. Polymer Chemicals 
Division plant has 50 million pound annual 
Capacity. First product — new high strength 
plastic resin tradenamed GREX. 





YOU CAN DEPEND UPON PM 


UNIVERSAL DIGITAL 
TRANSDUCER INDICATOR 
Just ONE model from PM's family of 


null-balance servo type instruments 


UDTI gives direct readout of 
weight, pressure, thrust or torque 
from any bonded or unbonded 
strain gage transducer 


@ Basic indicator accuracy + 0.10 

@ For use with bridges from 50-20 
impedance 
Self-contained calibrator 

millivolts volt 


Span control from 0.75 to 5 


Internal strain gage power supply, 6 
olts DC 
F.0.8. Detroit $1550 


Remote digital indicator 
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Strain goge 
transducer 


Tongue 4 


SAMPLE APPLICATION—Strain gage draw 
bar dynamometer readings are simplified 
with the D 2 train gage arrangement 
may be either a standard pickup for measur 
ing tension or a pair of strain gages bonded 


to the tongue of the towed vehicle 


Other PM instruments can measure 

LOAD « THRUST © TORQUE « FLOW 
WEIGHT * TEMPERATURE * DISPLACEMENT 
VOLTAGE © PRESSURE with the highest 
accuracy attainable in industrial and lab 


oratory applications 


PERFORMANCE MEASUREMENTS 


COMPANY 


15301 W. McNichols, Detroit, Michigan 
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Bell Laboratories researcher, M. B. Purvis, adjusts the optical system of 
their new “Flying Spot Store.” Photo shows lenses, shutters and informa- 
tion access plates for servo-beam positioning. 


At Last A Photographic Memory 


Bell Telephone Laboratories _ re- 
searchers R. K. Eisenhart and R. F 
Glore have come up with an experi- 
mental memory for data handlers and 
computers that truly justifies the old 
cliche “a photographic memory.” 
Called the “Flying Spot Store,” their 
device can “remember” over two mil- 
lion bits of data and can read out a 
68-bit word every 2.5 millionths of a 
second! 

A major feature is its random 
access — the ability to find any bit 
directly without searching the whole 


memory. 


Data are read in to the store by 
exposing photographic plates to the 
moving beam from a cathode-ray tube. 
The beam moves over an entire two- 
inch-square area, lingering momentari- 
ly to expose spots where desired. Each 
of 17 
posed individually, in sequence. An 


such areas on a plate is ex- 


entire plate, containing 550,000 spots, 
is exposed in three minutes. 

After exposure, plates are withdrawn 
in light-tight cassettes for insertion 
into a completely-automatic, 15-step, 
development and reversal processor, 
which delivers dried plates in less 
than 30 minutes. This automatic 
machine allows film processing by 
photographically unskilled people. 

Data are read out by the same equip- 
ment. The cathode-ray beam scans the 
clear and opaque areas of film through 
a system of lenses (see photo); hence 
the name “flying spot.” Beam move 
ment is controlled by an electronic and 
optical positioning system accurately 
enough to pick out on each 2” x 2” 
area the proper tiny spot. 

Bell Laboratories expect to use this 
store for permanent retention of data 
such as telephone directory information 
and instructions for electronic switch- 
ing systems. 





Only FLO*BALL valves 
are “Bearing-Fixed” for 
maintenance-free_ 

long life! =. <> 


...Wwith all the features 
you must have: 


®@ Top loading 

@ Replaceable seats 

® One-piece ball and stem 
© 90° on-off 

@ Two-way flow 








ORDINARY BALL VALVE FLO-BALL VALVE 
Floats ball @ Fixes seat Fixes ball ¢ Floats seat 




















Floating ball puts excessive pres- FLO-BALL bearings absorb all 

sure load on fixed seats. Results pressure forces. Elimination of 

in distortion and short life. excessive seat loading insures 
long life. 


The FLO-BALL is competitively priced in all materials and sizes through 
10” in 150 Ib. and 300 Ib. class. Write today to Hydromatics for full 


information on this extraordinary valve. 


Hydromatics,inc. 


LIVINGSTON, N. J. e WYMAN 2-4900 e TWX -LIVINGSTON, N. J. 120 


Copyright 1960 Hydromatics, Inc Exceptional engineering employment opportunities— write today! 
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neywell loqqer-seanner 


... accurate within + 0.1% of reading 


... pinboard programming for maximum flexibility 


Here’s a standard, all-purpose 120-point logger- 
scanner system with features formerly found only 
in more expensive, custom-designed equipment . . . 
the first of several packaged logger-scanners being 
introduced by Honeywell. It offers the ultimate in 
accuracy, flexibility, dependability and simplicity 
of maintenance. Wide ambient temperature oper- 
ating limits—60 to 120°F—eliminate the need for 
special air conditioning equipment. 


The Series 3120 accepts signals from primary 
measuring instruments— thermocouples, flow, pres- 
sure or other transducers. It measures these sig- 
nals, digitizes them, and prints their values in 
immediately usable form. A thermocouple refer- 
ence oven can be supplied to accommodate three 
types of thermocouple inputs—types T, J, and K— 
which are automatically linearized over their entire 
range to within 0.1‘; accuracy. 


a 7? (ea ¢ Fy 
Ew Fae 
PIGMEERING THE FUTURE 
ans 


~ x 


The operator can select either automatically or 
manually initiated logging cycles. He can set the 
system to log all variables automatically at preset 
intervals, or manually energize the system to 
operate on demand, between logging cycles. 


Between logging cycles, the system can scan off- 
normal alarm points—high, low or both—at a rate 
of 7 points per second. Upon detecting an off- 
normal point, the system sounds an alarm, lights 
a point-identification light, and prints the time, 
point number and off-normal value on adding 
machine tape. During log cycles, off-normal points 
are printed in red on the log sheet. 


Get complete details from your nearby Honeywell 
field engineer. Call him today . . . he’s as near as 
your phone. MINNEAPOLIS-HONEYWELL, Wayne 
and Windrim Avenues, Philadelphia 44, Pa. 


Honeywell 





TWO TYPEWRITERS permit a single line log 
allowing columnar comparisons. Separate alarm 
printer records all off-normal variables. 


STANDARD MODULAR COMPONENTS are 
assembled on chassis mounted as individual 
drawers in relay racks. All drawers are con- 
nected by plugs for easy servicing. 
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(GUBELMAN 


CHARTS 
100-8 E. KINNEY ST., NEWARK 5, N. J. 


CHARTS 


for Recording 
Instruments 


We offer to the 
Instrument Maker 
Charts for all methods 
of Recording: Pen, 
Ball Point, Electrical, 
Thermal, Pressure and 
Metallic Stylus. 


Precise quality 
control of materials, 
modern specialized 
equipment operated 
under controlled 
atmospheric humidity 
conditions by highly 
skilled and experi- 
enced personnel 
combine to produce 
Charts of uniformly 
high accuracy. 





INCORPORATED 








ISA Journal 


SCANNING \AUTOMATIC CONTROL 








SOURCE 











Figure 1. This 
aircraft engine 
test-cell con- 
trol was 
unstable due 
to interloop 
coupling. 





COLD TEMPERATURE 
HIGH PRESSURE 
SOURCE 
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Computer Eliminates 
Interloop Coupling 


In the rocket-engine test facility of 
a major jet-engine manufacturer, cross 
coupling between control loops was 
seriously limiting control accuracy. A 
new system of aircraft test-call con- 
trol that eliminated this trouble was 
described at the recent Princeton Uni- 
versity conference “Computer Con- 
trol of Industrial Processes” by Ross 
Willoh, analysis group leader at Com- 
puDyne Corporation, Hatboro, Pa. 


Under the usual system, multi-var- 
iarble control for such applications 
consists of a single air source, a press- 
ure valve between source and test cell, 
and a heater in the bypass between 
valve and cell (Figure 1). Two other 
valves ratio the air bypass through the 
heater. At high flow rates, the large 


pressure drops across the heater caused 
severe interaction between the press- 
ure and temperature loops. 

The new CompuDyne system ( Fig- 
ure 2) uses separate low-pressure and 
high-pressure air sources. Pressure is 
controlled by throttling the air from 
the two sources; temperature is con 
trolled by blending the air from both 
sources. These two loops are made 
non-interacting by use of an analog 
computer which eliminates gain chan- 
ges in the temperature loop, and auto- 
matically varies pressure-loop gain as 
the set point is changed. The system 
not only elimates inter-loop coupling, 
but obviates one valve and its actua- 
tor, and needs only one set of control- 
ler settings across the entire envelope 
opening. 











PRESS. CONTROLLER 

WITH RESET ACTION 

OUTPUT LIMITED 
0-50 VOLTS 


PRESSURE SET POINT 
AND GAIN CHANGER 

















TEMP CONTROLLER 
WITH RESET ACTION 








OUTPUT LIMITED 
0-50 VOLTS 
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Figure 2. This control scheme eliminated cross-loop coupling by using an 


analog computer. 





Bourns Pressure Transducers 


SUBMINIATURE SIZE 


HIGH RELIABILITY 


These rugged miniaturized instruments 
weighless than 4 ounces. Nevertheless, each 
unit is built to the same uncompromising 
standards that have won a place in every 
major missile program for Bourns instru- 
ments. At +35G vibration, these compact 
instruments deliver a high level, low error, 
noise-free signal. Available in absolute or 
gage pressure versions, over a wide pressure 
range, the 420 and 720 lines will meet your 
most exacting performance and reliability 
requirements. These units, with a wide 
selection of mountings, pressure fittings and 
electrical connections, illustrate Bourns' 
ability to translate the most stringent require- 
ments into high-performance transducers 
you can depend upon. They prove the state- 
ment—/n pressure transducers... it’s Bourns 
for leadership. 

Specifications 

Model 420 Model 720 

Pressure ranges | 0-15 to 0-350 psi| 0-350 to 0-3500 psi 


Operating 
temperature —65 to +165°F —~65 to +165°F 


Static error band} 1.0 to 1.3% 1.0 to 1.3% 
Dimensions 1.0” x 1.6” 1.31” x 1.25” 








Weight 4 ounces 4 ounces 


Write for complete technical data 


Bourns, Inc., Instrument Division 
6135 Magnolia Ave., Riverside, Calif. 
Field Engineering Offices: 

Huntington Station, L.l. and Dallas, Texas 
Pioneers in potentiometer transducers for position, 
pressure and acceleration. Exclusive manufacturers 

of Trimpot®, Trimit®, E-Z-Trimit®. 
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the New Jerguson 


MAGNETIC 
GAGE 


for 
liquid 
levels 


An important advance- 
ment in liquid level ob- 
servation for plants with 
dangerous explosive or 
inflammable conditions. 


Safety design 
seals against 
escaping gases. 


Measuring mechanism 
in stainless steel 
chamber. 


Scale mounted outside 
chamber; 
magnetically 
actuated 
through chamber wall. 


Distinct, 
accurate level 
shown in red 

contrasted with 
silver above. 


Job designed, 
correlating pressure, 
temperature, and 
specific gravity. 


Available with 
electric alarms. 


Can also be used 
for interface 
indication. 


Write now for engineering sheet 
on Jerguson Magnetic Gages. 


Gages ond Valves for the 
Observation of Liquids and Levels 


JERGUSON GAGE & VALVE COMPANY 
100 Adams Street, Burlington, Mass. 
Offices in Major Cities 


In Canada: Peacock Bros. Ltd. 
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NBS Checks Flow-Rate Calibrators 


With millions of dollars being spent 
yearly in testing the fuel consumption 
of new aircraft engines, it is essential 
that the flowmeters used be of the 
highest verified accuracy. Toward this 
end, the US Navy Bureau of Aeronau- 
tics has underway at the National 
Bureau of Standards a liquid flow-rate 
standardizations and calibration tech- 
nique program in the 20 to 100,000 
lb/hr range. Super-precise calibrators 
have been built to evaluate the abso- 
lute accuracy of other calibration 
equipment across the nation. 

NBS now operates liquid hydrocar- 
bon flow calibration apparatus accu- 
rate to 0.2% or better throughout the 
entire 20 to 100,000 lb/hr range. But 
they believe such reference meters 
should have repeatability of + 0.1%, 
and that all factors influencing cali- 
brator performance should be known 
and controlled. 

Such, factors include liquid density, 
viscosity, and temperature; and flow 
disturbances, vapor pressure with its 
resultant cavitation, and loss of liquid 
by evaporation. NBS overcomes errors 
due to cavitation within the meter by 
maintaining liquids at sufficiently-high 


pressures. Evaporation losses of high- 
vapor-pressure liquids is a definite 
problem. While weight-system pres- 
surization would be an ideal solution, 
it would introduce many addition 
complications. 

Among the meters available, the 
variable-area glass-tube “rotameter” 
is fairly adequate as a calibration 
reference from 20 to 20,000 Ib/hr; 
the turbine type for 2,000 to 100,000 
lb/hr and up. However, for high- 
viscosity liquids, positive-displace- 
ment and orifice meters give better 
results. 

Comparative tests between their 
static flow calibrator (weight tank 
and precise timer) and three types of 
dynamic calibrators showed agreement 
within 0.15°%. So, to economize on 
space and time, the Bureau no longer 
uses static methods ‘for calibrating 
hydrocarbon flowmeters. 

The Bureau is continuing its study 
of flow-rate calibration techniques in 
attempts to find standards suited for 
transfer refence work. Their program 
also includes evaluation of flowmeters 
for telemetering, computers, and 
automatic recording and control. 


This precision flowmeter calibrator is used at the National Bureau of Stand- 
ards as a reference standard. Beam scale weighs collected liquid; time of 
collection is read out in thousandths by Burrough’s “Pixie” tubes (upper 
center); turbine-meter turns are indicated on Potter frequency counter 


(right). 





NEW system. i 
NE W capabilities... 


FOR COMPLETE ON-LINE DATA REDUCTION 


Combining the RW-300 Digital Control Com- 
puter with its matched magnetic tape unit 
creates a powerful new system for on-line data 
reduction. For the first time, a single compact 
system can fulfill all data reduction require- 
ments at the test site. The system will auto- 
matically scan measuring instruments, con- 
vert their readings to digital form, and store 
this data on magnetic tape at a maximum rate 
of 2,560 words per second. Generally, the 
RW-300 will also compute quick-look data and 
feedback control signals. Within minutes after 
a test is finished the system will automatically 
produce complete test data and results in 
meaningful form. For further information, 
call or write Mr. Raymond E. Jacobson, 
Director of Marketing, The Thompson-Ramo- 
Wooldridge Products Company, 202 North 
Canon Drive, Beverly Hills, California, 
BRadshaw 2-8892. 


The RW-300 DIGITAL CONTROL COMPUTER 


with the 


NEW 
MAGNETIC 
TAPE 
UNIT 


EXPEDITES TESTING 
REDUCES COSTS 


THE THOMPSON-RAMO-WOOLDRIDGE PRODUCTS COMPANY 
a division of Thompson Ramo Wooldridge inc. 


Booth 246, ISA Show, Houston 
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As long as pressure remains below the pre-determined 
point at which the dome-shaped disc will rupture, a 
leak tight seal is maintained. 


ADVERTISEMENT 


IW) 








When pressure attains the rated rupture point of the 
disc, instant release is provided through full orifice 
diameter by the outward bursting of the rupture disc. 


An Advanced Approach 
To Pressure Systems Design 


How To Reduce Weight Factor 
In Pressure Release Mechanisms 


Although BS&B Safety Heads, in one form or another, have 
been providing over-pressure protection for closed pressure 
systems in numerous industries for more than 25 years, it 
is only recently that they have come into their own as 
pressure release devices for various types of airborne 
equipment. 

Recent metallurgical and engineering developments, as well 
as improved manufacturing procedures, have made the 
BS&B Safety Head today’s lightest weight, most accurately 
calibrated pressure release device ever developed. A typical 
Safety Head consists of a metal rupture membrane secured 
in mounting flanges. There are no moving parts. 


Weakness A Virtue 


The rupture membrane, or disc, is a purposely designed 
“weak spot” in the pressure system. Over-pressure bursts it 
at a pre-determined set pressure rating. 

Full relief area is achieved instantly. When the disc rup- 
tures a full throated opening is provided. This outstanding 
feature is most advantageous in pressured systems where 
ignition or exothermic reaction during a process causes 
abnormal pressure rise in seconds or milliseconds. 

... This briefly, is the function of a BS&B Safety Head as 
related to over-pressure protection. 


Imagination The Only Limiting Factor 


The application and design of Safety Heads is continually 
being expanded. BS&B Safety Heads are serving the air- 
craft and missiles industries in ground, air and marine 
applications. 

As an example... visualize the rupture disc as a seal to 
retain pressure in a chamber, and actuated (burst) by 
pressure developed within seconds or milliseconds. The 
pressurized fluid is thus discharged into another chamber. 
Here ignition may take place with contact of another fuel 
component. Chemical reaction may instead serve to fur- 
ther energize the system. 

As a different application of the same basic device, the 
rupture disc of a Safety Head could serve as a signaling 
device ...or to retain pressure to a pre-determined point 
whereupon it would then be actuated by an explosive squib 
or primacord. 
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Peculiarly Suited To Airborne Mechanisms 


Weight is of prime concern in airborne equipment. The 
smallest Safety Head now in production weighs only a frac- 
tion of an ounce. It is about the size of a large pea. In spite 
of its minuscule specifications it still retains all of the 
design features and precise operating characteristics so 
essential to satisfactory performance. 


Big Or Little, High Pressure Or Low 


BS&B Safety Head sizes range from %” to 44” in exposed 
diameter of the rupture disc. Pressure rating for the disc 
can be anywhere from 5 psi. to 100,000 psi. Mounting 
flanges and rupture disc metals can be varied over a wide 
selection to accommodate exposure to acids or other cor- 
rosive conditions as well as to elevated and sub-zero 
temperatures. 


Hundreds Of Design Variations Possible 


If you need pressure release devices of small size and light 
weight for missiles and JATOS, or large sizes for ground 
fueling systems and engine test facilities, you should ex- 
amine the advantages of using BS&B Safety Heads. 
Chances are there is a Safety Head of the necessary char- 
acteristics available from present designs. If not, it can be 
custom built to your specifications. 
Here then are just a few of the reasons why BS&B Safety 
Heads can serve you better in many different applications... 
e A pressure relief device with controlled release accu- 
racy. 


e Leak tight. 
e Light weight. 
e No movable parts. 


For answers to your specific questions contact the Safety 
Head Division at the General Offices in Kansas City, or 
the BS&B Field Sales Office or Sales Agent located 
nearest you. 


BLACK, SIVALLS & BRYSON, INC., Safety Head Division, Dept. 2-EHI, 
7500 East 12th Street, Kansas City 26, Missouri. 
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CONTROL APPLICATION No. 1 





(First in a new bi-monthly ISA Journal series describing significant neu control applications.) 


Precision Temperature Control 


for Fiber Glass Production 


Installation: Pittsburgh Plate Glass Co., Fiber Glass Division, Shelby, N. C 

Control: Temperature for more than 200 fiber glass production units by control of 
electrical heating. 

Specifications: Control to 4 °F at 2200°F with recovery in less than 15 seconds after 
15°F upset; performance to be unaffected by stray a-c or d-c currents; solid 
state contro] elements required. 


Equipment: Hagan Chemicals & Controls (Pittsburgh, Pa.) CPM-1 three-mode mag- 
netic amplifier controller; input from platinum thermocouple; output to Mag- 
netics, Inc. (Butler, Pa.) six-element magnetic summing amplifier which drives 
saturable reactor for heating current control. 


The Problem: Continuous fiber glass yarn is made by drawing multiple strands of 
molten glass as they flow through holes in an electrically heated platinum container, 
called a bushing (see Fiber Glass Process in diagram at right). Heat is supplied by 
current from a step-down transformer fed from a 440 volt line through a saturable 
reactor. The d-c current windings of the reactor must be actuated by the tempera- 
ture control equipment. The fine strands of fiber glass are drawn by a high speed 
winder at 180 mph, with more than 1700 miles of a single strand required to weigh 
one pound. The viscosity of molten glass and its flow change rapidly with tempera- 
ture — about 1% length change per pound for each degree F change. Thus, the 
basic control problem is to accurately maintain molten glass temperature in the 
bushing. A platinum thermocouple is welded directly to the bushing to sense its 
temperature and actuate the control equipment. 


New Plant of Pittsburgh Plate Glass Co., Fiber Glass Division, Shelby, N. C. 
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electing the Right Controller 


In early 1957, when Pittsburgh Plate Glass an- 
ounced construction of their new fiber glass 
lant, a project was initiated to develop a new and 
nproved temperature control system for the fiber 
roducing bushing. Of the 10 prototypes evaluat- 
d, 3 were found to be acceptable. These three 
perated on the same basic principle: to buck the 
1ermocouple emf to zero at the control point by 
precision reference source, and amplify the error 
gnal with a d-c unit to operate a three mode con- 
oller, which in turn would control the heating 
irrent. The stray electrical problem, created by 
1e thermocouple being welded to the current 
irrying bushing, eliminated any potentiometer 
pe instrument. Reliability and performance were 
jual in importance. It was determined that the 
trol system must contain a magnetic or other 
tate amplifier to furnish the power to con- 
: saturable reactor. Hagan Chemicals and Con- 
was selected to design and supply the more 
00 fiber glass temperature control systems 

e new Pittsburgh Plate Glass plant. 


solution to this control problem is an ex- 





mv From Platinum Thermocouple 


cellent example of the success which can be 
achieved by close cooperation between the user 
and manufacturer of industrial control equipment. 
It proved that a difficult problem cannot neces- 
sarily be solved by writing a rigid specification. 
There are quite often hidden aspects to a control 
problem that cannot be seen by either the process 
or control engineer, but which readily come to 
light when both are working closely, to solve the 
problem. The result of many months of effort in 
design, testing, and evaluation produced a system 
that performs the fundamental requirement of 
control. 


By avoiding the requirement to be conventional, 
utilizing the latest magnetic amplifier hardware, 
and employing logical design techniques, Hagan 
and Pittsburgh Plate Glass have come up with an 
outstanding control system. The block diagram 
above shows the control system installed. Num- 
bers in the text refer to coded numbers in the 
diagram. 

Input-Amplifier. This unit receives a low level 


d-c signal from the thermocouple (13) and gen- 
erates a double differential current output signal 
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which is proportional 
the precision setpoint 
mv. A Zener diode vc 
ing source provides tl 
for the digital setpoin 
half-wave rectified po 
diode for voltage regul 
network to compensat 
tion. The reference st 
legs of a bridge current 
the suppression resisto! 
the cold junction com 

The bridge output fe 
This is used as a consta 
its full output for +12. 
couple. A range switcl 
needed. This is the on 
taining vacuum tubes. ] 
way to make the pream 
magnetic. 


Magnetic Control C 
signal current is conv 
through the resistor ne 
divided into three sep: 
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ynal to the difference between 
oint voltage and thermocouple 
e voltage reference and work- 
es the stable voltage required 
point unit (1). It consists of a 
i power supply with a Zener 
egulation and a passive resistor 
nsate for output voltage varia- 
e supplies 1 ma through two 
‘rent, one of which incorporates 
istors, and the other containing 
-ompensation. 

ut feeds the d-c amplifier (2). 
mnstant gain device which gives 
+12.5°F change on the thermo- 
vitch converts this to 600°F if 
> only unit in the system con- 
es. Investigation is now under- 
eamplifying system completely 


1 Chassis. The amplified d-c 
onverted to a voltage output 
r network K (3) before being 
separate paths in the control 
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Manual Control 


unit. The proportional circuit causes the magnetic 
summing amplifier to generate an output propor- 
tional to the d-c amplifier output. Rate time can 
be adjusted by manual switching to one of several 
capacitor circuits which produces the derivative 
control response. The reset circuit capacitors, in 
the feedback loop of the integrating amplifier, 
coupled with action of the integrating amplifier 
provide an output which is the integral of the in- 
put voltage with respect to time. 

The current limiter (5) is composed of a set- 
point signal which is bucked against the output 
of the current transformer (8), for the purpose 
of holding bushing heater current below a safe 
limit regardless of the temperature control out- 
put. A shunt load on the transformer provides a 
voltage which is algebraically added to the set- 
point voltage. In case of excessive current trans- 
former output, the difference drives the control 
signal to hold the output at the required level. 

The manual control station (6) is a potentio- 
meter which directly feeds the control winding 
of the summing amplifier (7), operating com- 
pletely independent of the control function ampli- 
fiers. To achieve bumpless transfer, the manual 
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control unit signal charges the integrating ampli- 
fier capacitor to the same voltage as its output. 
The integrator input is disconnected to insure that 
the error signal will not actuate the integrator on 
manual control. Three control stations (consisting 
of the input chassis and control chassis) are mount- 
ed in upright racks in the control room — rear 
view, left above and front view, right above. 


Magnetic Summing Amplifier (7). This is a 
Magnetics, Inc. “Control” proportioning magnetic 
amplifier, consisting of six control windings and 
a pair of output windings. It is a self-saturating, 
doubler circuit type with a silicon rectifier in the 
d-c current output circuitry. Under normal opera- 
tions the bias control winding of the saturable 
reactor (9) is adjusted so that with zero output 
from all other control windings the magnetic 
summing amplifier output is about 50%. The out- 
puts from the other functions—rate, reset, propor- 
tional, current limit and manual control—then 
modulate the saturable reactor above and below 
this midpoint bias condition. This permits the inte- 
grator to perform a minimum of work (with an 


output near zero) since the magnetic amplifier 























High Speed Winder 


bias supplies approximately the required output 
for steady-state operation. This also makes for 
bumpless transfer. 


Fiber Glass Process. The output of the magnetic 
summing amplifier (7) controls the power output 
of the saturable reactor (9) in the bushing heater 
circuit. Its output is 100 watts at 80 volts, sized 
to match the d-c control windings of the saturable 
reactor. Through the heating circuit transformer 
(10) this control current is stepped down to about 
3 volts for conduction through the fiber glass 
bushing (12) to maintain control temperature. 

The thermocouple (13) is platinum — platinum 
13% rhodium and is welded directly to the bush- 
ing. It measures the bushing temperature and 
actuates the controller to complete the fiber glass 
process temperature control loop. 





This presentation is taken from the paper “Development 
of Precision Temperature Control for Fiber Glass Pro 
cess,” by Paul E. Straight, Hagan Chemical & Controls Co., 
and Charles O. Huffman, Pittsburgh Plate Glass Co. 
This paper (No. 53-59) was presented at the 14th An- 
nual ISA Instrument-Automation Conference and Ex 
hibit, Sept. 21-25, 1959, Chicago, Il. 
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—— External Reflux Product 
The computer output 3-15 psi transmitted signal, 
through appropriate control response, throttles 
the reflux control valve. This maintains effective 
operating internal reflux and provides immediate 


FOR 
CONSISTENT 
COLUMN 
EFFICIENCY 











corrective action for process load changes. 


...rain or shine 











PROBLEM: Column upsets, caused by wide varia- 
tions in load on the condenser due to changing 
weather conditions. Efficiency is reduced . . . more 
steam than necessary is used in reheating excessive 
reflux. 


SOLUTION: A simple Taylor Computer Control 
System which instantly compensates for climatic 
effects on air-cooled condensers and reflux lines. 
This system is developed by and is licensed by 
Phillips Petroleum Company. 


RESULTS: Phillips is delighted with the outstand- 
ing performance of this system, in commercial use 
on many columns. Phillips’ engineers like its sim- 
plicity, and the fact that components are of the 
standard type with which its instrument people are 
accustomed. Here are some of the advantages of 
the Taylor Computer Control System: 


New Taylor Computer Control System 
Used by Phillips Petroleum Company 


] It reduces steam consumption by the avoidance 
of reheating excessive reflux. The system pays 
for itself in a few months. 


2 It provides more uniform products by smooth- 
ing out upsets at their source—particularly im- 
portant on a battery of columns. 


3 Not only does it give vastly improved control 

on columns utilizing air-cooled condensers 
(without the need for adjustment of air flow rate), 
it also pays out with other types of condensers. 


4 it reduces the possibility of column flooding. 


These advantages are applicable to column control wher 
ever problems of column upsets, caused by wide variations 
in load on the condenser, are experienced. Call your Taylor 
Field Engineer, or write Taylor Instrument Companies, 
Rochester, N. Y., or Toronto, Ont. 


Taylor L nslrumends MEAN ACCURACY FIRST 
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PICK exact Bourdon tube 
to meet stress, over-pres 
sure, pressure range. 


——- 
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PICK Supergauge® for 
long life, accuracy to 0.5% 








PICK Test Gauges for de- 
pend sbility, and accuracy 





as ‘igh as 0.2 of 1%. 


 —— 
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PICK Ni-Span “C” iow 
pressure elements for ex 
ceptional thermal stability 





‘® for 
0.5% 





PICK Solfrunt® for accu- 
racy to 0.5%, solid-front 
safety from blow-outs. 


; HOW A 
| CLOSER LOOK AT 
GAUGE BUYING 
TODAY... 












can help you pick gauges 
that stay on the job 


Are you going to a higher price on gauges in order 
to make sure of gauge reliability? “Over-gauging” 
to get long life? It will pay to take a closer look at 
the size, flexibility, and high standards of accuracy 
of the United States Gauge line. At USG you can 
choose from over 50,000 standard indicating dial 
pressure gauges. Thousands of choices in case 
styles, sizes, materials, and in gauge components. 
Thousands of specials, too! Not only can you pin- 
point your reliability factor, you can pinpoint your 
price for 99% of your gauge needs . . . from one 
line! It’s easy to check . . . just call your USG 
distributor for your next gauge requirement. See 
the Yellow Pages, or write for catalogs and name 


of your distributor. 


UNITED STATES GAUGE |---| 


Yellow Poges 
Division of American Machine & Metals, inc . Sellersville, Pa Je J} 
yl 








for de- 
curacy 
f 1%. 








PICK Recorders and Re- 
cording Controllers built to 
stand vibration, pulsation. 








PICK A-Line for premium 
reliability, accuracy to 1%, 
and savings up to 40%. 





PICK Arc-Loc® Movement 
for longer life, easier and 
lower maintenance. 





PICK U. S. Gauge Indicat- 
ing Controllers or Trans- 
mitters for reliability. 
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Name your process; Bristol can help you meas- 
ure, record or automatically control it. 

Just one example: Wood Conversion Company’s 
new Riverside, N.J., plant with an all-Bristol process 
instrument installation, part of which is shown be- 
low. Here precise instrument control helps turn out, 
in a wide variety of forms, Balsam Wool® for housing 
insulation and Tufflex® used for cushion padding, 
sound deadening, and protective packaging. Costly 
human errors are eliminated, improving product uni- 
formity and releasing valuable supervisory time for 
more important duties. 

Whatever your plant or process, Bristol engineers 
—as at Wood Conversion—are always ready to work 
with your engineers in setting up a new instrumenta- 











, 


tion system or in modernizing and improving your 
existing system. 

Temperature, pressure, absolute pressure or vac- 
uum, flow, liquid level, humidity, pH, tension, thick- 
ness, speed and mechanical motion are just a few of 
the variables that can be recorded or exactly con- 
trolled. 

Bristol makes the most complete line of instru- 
ments on the market—full-size, miniature, electronic 
and pneumatic types—for measurement, recording, 
automatic control and telemetering. Bristol’s wide 
line insures you of the right instrument for your job, 
every time, and Bristol engineers are always ready 
to assist you in selecting it. Write: The Bristol Com- 
pany, 129 Bristol Road, Waterbury 20,Conn. 92.24 


practically every 


plant can profit from 


BRISTOL 


INSTRUMENTATION 


and 


APPLICATION 
ENGINEERING 





on) Lea 3 Sy Z Oo L ...for improved production through measurement and control 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 


a, 


COME IN AND SEE US AT BOOTH 320 AT THE HOUSTON ISA SHOW 
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Make speedier checl 
lers and base or nok 
in industrial plants 
8686 Portable Milliv 
tures such as a cent 
where measured val 
digits with a scale in 
calibration of therm 
urements. The 8686 
wide operating ran; 
mv and +1010 to 4 
cell calibration; an 
+ (0.05% of reading 
ence junction comp 
reading + 6 uv) wit 
for Data Sheet E-3; 





8692 and 86 
Temperatur 
Potentiomet 


If you want to make : 
of temperature meas 
quickly with one 

instrument, investig 
new time-saving 869% 
Range or 8693 Doub! 
Temperature Potenti 
Available in any of | 
changeable temperat 
millivolt ranges, thes 
ments read directly in 
F or C on a scale 27' 
Convenience features 
simplified range char 
only a screwdriver i: 
to change a circuit 
scale and binding pos 
automatic reference | 
compensation ...r 
coil, built into circui 
compensates for thern 
being used; accurac 
+0.2% of range. W 
Data Sheet ND42-33 
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checks of recorders, control- 
r noble metal thermocouples 
ants with the new three-dial 
fillivolt Potentiometer. Fea- 
central reading window .. . 
d values appear as a row of 
ile interpolation ... simplify 
1ermocouples and test meas- 
8686 Potentiometer has: a 
range of —10.0 to +100.1 
to +1020 mv for standard 
; and a high accuracy of 
aiding +3uv) without refer- 8686 Millivolt 
compensation, +(0.05% of Potentiometer 
) with ref. jct. comp. Write ; 
E-33(1A). é 





8690 Millivoit 
‘ Potentiometer 


Fast, accurate in-plant check- 
ing of thermocouples, record- 
ers and controllers is expe- 
dited by the new 8690 Port- 
able Millivolt Potentiometer. 
Design features such as “In- 
line Readout”, which permit 
measured values to be read in 
digits with a scale interpola- 
tion, accelerate temperature 
measurements. The 8690 pro- 
vides a wide range of —11.0 to 
+101.0 mv which eliminates 
input reversals; an accuracy 
of +(0.05% of reading + 20 
uv) without reference junc- 
tion compensation, + (0.05% 
of reading + 40 uv) with 
ref. jct. comp. Write for Data 
Sheet E-33(1B). 


4 time-saving 


instruments from the 


NEW 


CONVENIENCE-STYLED 
L&N LINE... =~, 





id 8693 
rature 
ymeters 





1ake a variety 
measurments f 
one flexible 
vestigate the 
+ 8692 Single- 
Double-Range 


Need a _ fast-operating, high-sensitivity, 
high-quality null indicator for use in re- 
search, testing and production checking? 


otentiometers. 
y of 24 inter- 
perature and 
these instru- 
tly in degrees 
le 2742” long. 
tures include: 
changes... 
ver is needed 
ircuit panel, 
g post studs; 
ence junction 
. reference 
circuit panel, 
thermocouple 
curacy ; 
e. Write for 
42-33(1A). 


Here’s a new 9834 Guarded D-C Null Detec- 
tor having a short period of less than two 
seconds for source resistances up to 1000 
ohms, increasing to 4 seconds at 100,000 
ohms ... ideal for measurements with 
guarded or unguarded potentiometers and 
bridges. Of rugged construction, this port- 
able, line-operated detector provides nu- 
merous convenience features which include 
four degrees of sensitivity, with a basic 
sensitivity of 0.2 uv/mm (0.3 pv/scale div.), 
and a noise level of less than +0.1 pv. 
Write for Data Sheet ED7(2). 


Liat 


+ -— 





9834 Guarded 
D-C Null Detector 


LEEDS IN NORTHRUP 


4929 Stenton Ave., Ty Philadelphia 44, Pa 
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now FISHER LeEvEt-TROL® 


ELECTRONIC 
SYSTEMS 


accurate 
external 
adjustment 


Delivers a proportional 1 to 5 milliampere dc signal 
through a 3000 + 500 ohm load. 


Has plug-in converter with printed circuit. Conven- 
tional leads and unnecessary wiring are eliminated. 


This Fisher explosion-proof Electronic Level-Trol 
features external adjustment for proportional band 
and liquid level height, and incorporates extreme sim- 
plicity of design throughout. Silicon transistors and 
diodes are used instead of the conventional vacuum 
tubes. You do not need any additional parts to reverse 


aes 4 
peer a 


Plug-in electronic converter assembly. 


action of the unit. With only .25% effect from 
+15% supply voltage change, line voltage fluctua- 


tion is of negligible effect. 


Fisher Bulletin F-85 will give you complete details on 
the Fisher Type 2300 Electronic Level-Trol. Send for it. 


Printed circuit of the converter assembly. 


IF 1T FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT’S CONTROLLED BY... 
FISHER GOVERNOR COMPANY 


Marshalltown, lowa Woodstock, Ontario London, England 
CONTINENTAL EQUIPMENT CO. DIVISION, Coraopolis, Pennsyivania SINCE 1880 
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Every feature you’ve ever 
wanted, now yours with this 


NEW MOSELEY 
X-¥Y RECORDER 


NEW MODEL 2D 


Model 2D is a significantly advanced X-Y Recorder offering 
virtually every useful Recorder capability, plus a new con- 
trol panel arrangement insuring maximum operating con- 
venience. Brief specifications are: Input range 7.5 mv to 
150 v on X-axis; 5 mv to 100 v on Y-axis. X-axis time base, 5 
steps, 7.5 to 750 secs. Input resistance 200,000 ohms/v, 
accuracy and resolution + .2%, zero offset, pen speed 
20 in/sec each axis, vacuum paper hold-down. 


Call your Moseley AUTOGRAF Recorder representative 
today or write direct for detailed data on 
Model 2D and accessories. 


Data subject to change without notice. 


X-Y and Strip-Chart Recorder 


New, integral AC/DC input 

No extra AC converter to buy 
Built-in X-axis time base 
Operates direct from transducer 
Accuracy, resolution + 0.25% 


Local or remote operation 


and look at the broader utility 
you get with these precision 
Moseley accessories 





Digital character printer 
“ge i 


Curve follower 


Continuous roll transport 
ct = bes ee Pes | 
oF, 


F.L.MOSELEY COMPANY 


Field representatives in all principal areas 5631 
MUrray 1-0208 TWX PASA CAL 7687 
Dept. E1, 409 N. Fair Oaks Ave., Pasadena, California 
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2 NEW KODAK PAPERS 


GIVE YOU WRITING SPEEDS 


You can meet practically any photorecording need with just 
two new Kodak papers. 

Kodak Linagraph 44 and 77 Papers cover the whole range of 
commonly used frequencies and writing speeds and more. With 
them you can record higher frequencies and writing speeds 
(up to 60,000 ips.) that have been impossible or difficult to 
record "til now. 

Even over wide amplitudes, sudden beam excursions, or 
sharp rise times, you get sharp, black traces—traces that are 
easy to read by visual inspection or on data-reduction equip- 
ment, easy to duplicate on diazo-type materials. 


New extra-thin, extra-tough base 


Both new papers have a specially-treated super-strength base 
that really stands up under processing, handling, rolling, 
folding, and storage. Extra thin (.0030”) for more footage per 
given roll diameter. Rolls up to 475 ft. are splice-free. Semi- 
matte surface readily takes pen or pencil notations. 


Universal processing 


You can process both papers in continuous, rewind, or stabi- 
lization type equipment. After stabilization, you can handle 
records immediately without fear of brittleness, cracking, or 
tearing. 

Linagraph 44 and 77 Papers are available in all standard 
sizes. We'd like to talk with you about your own particular 
application. Write for the complete technical details or, better 
yet, ask for a demonstration by our Technical Representative 
in your area. 











TO 60,000 ips. 


KODAK LINAGRAPH 44 
relative tungsten speed: 20 
thickness: .0030 inches 


Orthosensitized on extra-strong paper sup- 
port, specially designed for recording opti- 
mum trace density and contrast from Jow to 
moderately high writing speeds. Can be 
processed in the CEC Datarite Magazine. 


KODAK LINAGRAPH 77 
relative tungsten speed: 80 
thickness: .0030 inches 


The ultimate in high-speed, orthosensitized 
recording papers. Records extremely high 
writing speeds heretofore considered im- 
practical, yet still retains good trace densi- 
ties. Covers writing speeds up to 60,000 ips. 
Because of its wide exposure latitude it re- 
cords medium-speed traces as well, with ex- 
cellent clarity. On specially-made rugged, 
durable paper stock. 


EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
Photo Recording Methods Divisign 
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Dimensions 
3.87" x 1.87" x 1.16" 
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Statham has drastically reduced the size and 
weight of strain gage signal amplifiers. The 
Statham CA 9 is completely transistorized, 
weighs only 8 ounces, is less than 8% cubic 
inches in size, and yet is more reliable in adverse 
environments than larger and heavier amplifiers. 

This tiny instrument provides for total utilization 
of low-level signals and ensures the precision 
required in current aircraft and space vehicle ap- 
plications. For complete specifications, write for 


For leadership in measurement 


STATHAM INSTRUMENTS, INC. 
12401 W. Olympic Bivd. 
Los Angeles 64, California 
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a EDUCATION 


Process Instrumentation 
Home Study Course 


A home study course in pro- 
cess instrumentation based on an 
outline prepared by an ISA Task 
Force is offered by International 
Correspondence Schools. 

A number of ISA members 
worked on the texts, among them 
M. G. McGraw, who acted as 
technical editor for the course 
texts, and J. R. Connell, P. E., 
Imperial Oil Ltd., who authored 
the text “Principies of Automa- 
tic Process Control Instruments, 
Part I.” 

To be offered for the first 
time this month, the Process In- 
strumentation Course is intended 
for those who are interested in 
working with instruments which 
record or control production 
processes. It is intended also 
for those working in the manu- 
facture, sale, operation, instal- 
lation and maintenance of ins- 
truments. Although it is not of- 
fered primarily for research 
engineers or designers, it will 
be useful to engineers who need 
training in instrumentation. 

The course includes the fol- 
lowing study units: practical 
arithmetic, geometric measure- 
ments, formulas, logarithms, tri- 
gonometry and graphs, elements 
of mechanics, hydrostatics, pneu- 
matics, hydraulics, elementary 
chemistry, heat, steam, electrici- 
ty, electron tubes in industry, 
unit operations and equipment, 
principles of automatic process 
control, automatic process con- 
trol valves, process pressure mea- 
suring and control instruments, 
liquid level measuring and con- 
trol instruments, temperature 
measuring and control instru- 
ments and combustion control. 

Trainees may begin their 
course of study at any point 
their previous education permits. 
For example, a high school grad- 
uate with proper training in 
mathematics through trigonome- 
try may omit that portion of the 
course. Similarly, a mechanical 
engineer may omit basic mate- 
rial including heat and steam if 
his need is only for instrumenta- 
tion training. 

For details write to Interna- 
tional Correspondence Schools, 


Scranton 15, Pa. 
(Please Turn to Page 51) 





These Bristol Instruments at 
Lithium Corporation of America, 
Bessemer City, N. C., are part of 
an extensive installation that keeps 
tabs on such variables as tempera- 
ture, pressure, absolute pressure, 
flow, liquid level, and pH. 


ISTO 


, 
= 4 " 


Here’s an outstanding example of the way Bristol is 
helping thousands of industrial processes today: 

In Lithium Corporation of America’s plant for extraction 
of vital lithium compounds, located in Bessemer City, North 
Carolina, near this nation’s largest ore deposits, precision 
Bristol instruments monitor and control practically every step 
of the extraction process. 

From the early planning stages, Bristol instrument engi- 
neers worked closely with Lithium Corporation engineers in 
designing the instrument system for this modern plant. Tem- 
perature, pressure, absolute pressure or vacuum, flow, liquid 
level, and pH had to be recorded or controlled at a multitude 
of points in the complex extraction process. The Bristol instru- 


Almost 
every industry 
can benetit 


TATLG 


ments used inciuded electronic Dynamaster* potentiometers 
and pyrometers, pneumatic and time program controllers. In 
operation for nearly four years now, the Bristol instruments 
have been doing a precise job of recording and controlling 
despite vibration and a corrosive, dusty environment. 

This is just one example of the way Bristol can work with 
you in selecting the right instruments for your process. Bristol 
makes the most complete line on the market of full-size and 
miniature instruments for measurement, recording, automatic 
control and telemetering of almost every industrial variable. 
And Bristol Application Engineers are always ready to ad- 
vise and assist you in applying them to your process. Write: 
The Bristol Company, 129 Bristol Rd., Waterbury 20, Conn. 

*T7.M. Reg.U.S. Pat. Of. 8.486 


BRISTOL TRAIL-BLAZERS IN PROCESS AUTOMATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
COME IN AND SEE US AT BOOTH 320 AT THE HOUSTON ISA SHOW 
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REFLECTS 
EFFICIENCY 


PUBLIC SERVICE CO. OF OKLA. A 


WOW GBWAIBE CO’ ob owey nr 


because QE REDUCES LOGGING TIME 
TO SECONDS...CURTAILS COSTLY OUTAGES 


Public Service Co. of Oklahoma reports greater continuity of service and fewer 


costly outages from using PANALARM Annunciators in its new Tulsa station 


PANALARM “‘flashing-ringback sequence’’ Recording Annunciator 
System converts raw data into usable information in seconds—a 
tremendous improvement over slow, old fashioned manual logging. 
Costly outages are fewer because of the speed and reliability with 
which off-normal conditions are registered. 





The Recording Annunciator System sounds an alarm when trouble 
occurs. Simultaneously, it prints an accurate alpha-numeric digital 
record of the date and time of trouble and identifies the equipment 
that failed and/or returned to normal, eliminating possibility of 
operator error. 

Another big advantage is that it continues receiving and recording 
information during emergencies, relieving the operator of this burden. 
The operator then concentrates his entire attention on ending the 
emergency. Later, a precise, sequential record is available for both 
operators and engineers to study as a basis for preventive mainte- 
nance and action. PANALARM ANNUNCIATORS record critical infor- 


For an optimum competitively priced Recording Annunciator System mation on 7 turbine generators related to differential 
shutdown, overvoltage, ground detection, motor control, 


for your plant, talk to Panellit engineers. loss of field, pressures, temperatures, and shutdown or 
Sales and engineering offices in all principal cities. bus tie transfer operations. 


For complete technical details on the Recording Annunciator, write for Bulletin 102A today. 


~ 


Sax 


4 PANALARM RIVISION OF Visit our Booth No. 347 
ANELLIT IN Houston—I.S.A. Show 

+ * 
7401 North Hamlin Ave., Skokie, Illinois Phone: ORchard 5-2500 


Annunciators ¢ Control Panels « Data Systems ¢ Contract Maintenance and Installation 
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(EDUCATION, from page 48) 


High School Instrumentation 


A pilot program offering ins- 
trumentation courses to second- 
ary school students will be start- 
ed in the Philadelphia School 
District in Febraury. The same 
course will also be offered in 
adult evening classes. Instruc- 
tion will be supplemented with 
lab sessions. 

A joint effort of local indus- 
try and the school system made 
it possible for the program to 
be developed in record time. 


Engineer Executives 


An engineering education may 
be the best training for a career 
in management, claimed O. S. 
Carliss, director of engineering 
for Yale & Towne, at the recent 
annual ASME meeting. 

He pointed out that, in many 
cases, management decisions are 
of a technological nature. “If 
we are going to use efficiently 
the results of basic scientific 
data,” he said, “we need men of 
vision who also have a basic un- 
derstanding and appreciation of 
these data. 

“The engineering school,” he 
concluded “draws together sci- 
ence in its pure and elemental 
form, the liberal arts in their 
best forms, and combines them 
into a cohesive working facili- 
ty for the training and disciplin- 
ing of students.” 


Schools Short 190,000 


The country is short some 190,- 
000 qualified teachers in public 
and non-public schools, a current 
SAMA report shows. 

This means that a great many 
more teachers’ colleges must be 
built and equipped before any 
worthwhile reduction in the 
teacher shortage can be expect- 
ed. From the equipment stand- 
point, the situation is further 
complicated by the relentless 
pressure of the increasing school 
population which is expected to 
persist throughout most of the 
next decade. 

“Regardless of what the pre- 
sent political status of the coun- 
try is toward Russia,” another 
current SAMA report states, 
“tomorrow’s hot or cold war will 
not be fought on the battle front 
or by the diplomats, but in the 
science classrooms of today.” 


Indicating Pneumatic Controller 





_ with Greatest Field Serviceability ! 


Designed by Robertshaw Engineers as a controller, trans- 
mitter, or receiver-controller for process applications demand- 
ing precision, economy and serviceability combined, this new 
unit is packed with obvious advantages: 


® Proportional Action — 0.5% to 200% 

® Automatic Reset Optional 

© Fully Compensated Thermal System 

Easily installed without special tools, this new Robertshaw 

controller offers maximum convenience. Open construction 
permits components to be removed, replaced, recalibrated on 
the spot without disturbance to the rest of the unit. Minimum 
number of pivots for low hysteresis, added sturdiness. All ad- 
justments quickly made by hand; no tools needed. Tempera- 
ture ranges (in 200° bands) from —30 to + 450° F. Pressure 
ranges 0-20 psi., 3-15 psi. (as receiver-controller), 0-150 psi. 


For complete specifications, ask for AU-757 


FULTON SYLPHON DIVISION ¢ KNOXVILLE I, TENNESSEE 
CIRCLE NO. 35 ON PAGE 109 
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Slot in mounting plate (with swing-free cover) 
permits easy access to stroke adjustment. 


FORCE MOTOR 
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Model 8010 mounted on spring-diaphragm 
actuator. Note compact design. 
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meay Case STROKE LEVER TERMINAL BOARD mNoN DEX LOCKSCREW 


Performance Data 
Open-loop Gain* — approximately 100 


STROKE ADJUSTMENT LEVER 


SUPPLY PRESSURE as Ourpur pressure [ag NOZZLE BACK PressuRe HM Li ity ithin + 1% of full strok 
inearity — within 2° stroke 


Masoneilan 
E/P Positioner 


Repeatability — within 0.2% 

load Sensitivity — Output pressure 
change of 1.2 psi per 0.1% of full 
stroke offset 

Supply Pressure Effect — +1% of full 
stroke for +5 psi change from 20 psi 


with Stem Velocity 


| mt 1 =e} of- le 4 


Combines high open-loop gain and closed-loop stability to 
give you Precise Positioning and Superior Dynamic Response 


The new Masoneilan Model 8010 Electropneumatic 
Positioner offers optimum performance plus these design 
advantages: 

e@ A true positioner direct comparison of valve stem 
position with controller output signal provides dy- 
namic response and positioning accuracy not obtainable 
with transducer and pneumatic positioner combination. 
Electrical circuit easily adapted to a variety of con- 
troller output signals. 

Extra large stabilized magnet, plus efficient magnetic 

circuit, provides high force changes. 

Explosion- proof construction meets requirements of 

‘lass I, Division I, Group D. 

External stroke adjustment accessible without removal 

of cover no exposure of electric wiring. 

High capacity relay for fast stroking speeds. Relay may 

be mounted in any one of four positions to facilitate 

piping. 

Balanced beam permits installation of valve in any 

position without shift in calibration. 


@ Available for 3-15 psi or 6-30 psi valve spring ranges 
and for be ranging. Standard stroke ranges *,”-3” 
and 2 . Others available. 

* rea od with direct or reverse action and for direct or 
reverse actuators. 

You can now utilize the desirable characteristics of 
electronic control and obtain the power and smooth 
throttling action of pneumatic valves by using Masoneilan 
Model 8010 EP Positioners. Full details on request. Ask 
a Mason-Neilan representative or write direct — 


| ila Tie 
MASONEILAN 
Se 


NMiason-NEILAN 


Division of Worthington Corporation 
29 NAHATAN STREET, NORWOOD, MASS., U.S. A. 
Sales Offices or Distributors in Principal Cities in United States and Abroad 
in Canada: Worthington (Canada) Ltd., Mason-Neilan Division 
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BEST INSURANCE 





Pressure, temperature multi-point scanner. 


your product or process ever had 


Makes no difference what kind of operating product or process you deal 
with—big, small, simple, complex—it’s going to be judged on operation, 
and operation alone. For you won’t always be on hand to make sure it is 
properly handled, properly controlled. 

That’s why your best insurance is a dependable automatic control sys- 
tem. It keeps efficiency at its peak and cancels out the high cost of human 
error. 

How much does dependable automatic control cost? Depends of course 
on the requirements. But this you will find by actual comparison. Control 
Panel Corporation consistently comes up with the best price, the better 
design, and the fastest delivery whether it’s J.I.C., NEMA, graphic or 
contour enclosures you want. And it’s simply because panel manufacturing 
is our only business. 

May we have the opportunity of submitting our quotation or proposal 
covering your requirements. There is no obligation, of course. 


ASK FOR NEW BULLETIN 


Lists Pantro uses and Pantro users. 
Shows a cross-section of the many 
types of automatic contro! panels 
Pantro has designed or built for in- 
dustry of all kinds 





A Partial List of QP Uses: 


Chemical processes and 
machinery 


Bakery machinery 
Canning machinery 


Cement and clay working 
machinery 


Construction and road- 
building machinery 


Grain mill machinery 

Food processes and 
machinery 

Foundry machinery 

Machine tools 

Metalworking machinery 


Oil industry processes 
and machinery 


Paper processes and 
machinery 


Plastics molding machinery 


CONTROL PANEL CORPORATION 
517 W. Monroe St. «+ Chicago 6, Ill. 


Printing trades machinery 





Power processes 
Rubber working machinery 
Special industry processes 
and machinery 
Textile machinery 
Woodworking machinery 
Conveying equipment 
Cranes, hoists, derricks 
Furnaces and ovens 
Hydraulie equipment 
Internal combustion 
engines 


Packaging and labelling 
machinery 


Railroad equipment 
Communications equipment 
Electronics equipment 


Motors, generators, motor 
generator sets 


Nuclear processes 





See Us at ISA Houston Show — Booth No. 230 
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Another solution to valve problems .. . 
MOORE F/p ( mcu<” 
a BOOSTER 








ae 


« Improves stroking speed 


“ and frequency response 
& beds 
™~ ? a 


5 times or more 


includes a specially 
designed stabilizing 
needle valve which 
permits “‘tuning” the 
actuator-positioner- 
booster circuit for opti- 
mum response with sta- 
bility. Easily added to 
any “problem” valve. 





Write for 
“Bulletin or ask your 
valve manufacturer. 


Moore Propucts Co. 
PHILADELPHIA 24, PA. 


ATLANTA, BOSTON, CHARLOTTE, 
CHICAGO, CLEVELAND, DETROIT, 
HOUSTON, LOS ANGELES, LOUIS- 
VILLE, NEW ORLEANS, NEW YORK, 
PHILADELPHIA, PITTSBURGH. 


In Canada: Moore Instrument Co., Ltd. 
TORONTO, MONTREAL 


Manufacturers of NULLMATIC Pressure Regulators, Transmitters, and M/P Indicating and Recording Controllers. 
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Size for Size... 
New ASCO Midget 3 Way 
Solenoid Valve 


provides 


LN MALCHLD FAS) RETURN 
UNMATCHED FAST RETURN 
FAST RETURN 


NAM 


Of Cylinders and Diaphragms 


INTEGRAL OVERSIZE ORIFICE SPEEDS EXHAUST CYCLE... ELIMI- 
NATES SEPARATE QUICK VENT VALVE. 


New 3 way Bulletin 8317 with full 144” diameter exhaust ori- 
fice provides quick venting of pressure from cylinders and dia- 
phragms...assures the fastest cylinder or diaphragm return 
of any valve its size. It takes the place of larger, more ex- 
pensive valves ...eliminates need for connecting a separate 
quick vent valve in the circuit to speed up the exhaust cycle. 


This ASCO valve has only 2 moving parts, mounts in any 
position. Available in normally open, normally closed and 
universal construction... with general purpose, explosion 
proof or watertight solenoid enclosures in 14” pipe size... 
for pressures to 160 p.s.i....for water to 100°F, air, gases 
and light hydraulic oil to 180°F. 

The Bulletin 8317 Valve is available immediately from stock. 
WRITE for catalog literature and for the new ASCO Stock 
List & Selection Guide listing the world’s largest stock of 
solenoid valves for immediate delivery. 


ASCO Valves 


Automatic Switch C6. 52-4 HANOVER RD., FLORHAM PARK, NEW JERSEY, FRONTIER 7-4600 
AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES + ELECTROMAGNETIC CONTROL 
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Challenge 
of the 
New 
Decade 


EDITORIAL 


If you make instruments, the chances are excellent that by 1970 your business will be three 
times what it was in 1959. If you are an instrument user, your company, and thousands of 
other purchasers, will be creating the demand for $20 billion worth of total instrument pro- 
duction by 1970—a $14-billion increase in the next ten years! While capital spending by in- 
dustry has fluctuated by $6 billion in the last 4 years, the purchase of scientific and process 
instruments by these same industries has maintained a steady climb from $3.0 billion (1956) 
to an estimated $3.9 bililon (1959)—a 30% increase. These figures are approximately 75% 
of total production of only scientific and process instruments. Even more significant is the 
increasing amount of capital expense dollars going for these instruments—up from 8% in 
1956 to an estimated 12% in 1960 and 14% in 1961. 


This optimistic economic outlook stems from the basic fact that by 1970 the US will have 
36 million more people with more dollars to spend. If optimism breeds optimism, then we 
can add the influence of an even faster rise in the economic development of Western Eu- 
rope—with an expected increase of 629% in consumer purchasing power in the next 10 years 
compared with a 51% increase in the US. By 1970, the productive capacity of this country 
should exceed $700 billion. The new decade well could place the United States on the thresh- 
old of the golden age in the history of man. 


On the negative side: We cannot ignore the threat of both economic war and mortal com- 
bat, an exploding world population, a threat of rapidly expanding foreign industry, and domes- 
tic labor problems. Some experts claim that the unfortunate people who will make up these 
multimillion increases in world population easily could upset the wonderful living standard 
we now enjoy by demanding to share in the luxury of the more wealthy countries. For the next 
few years, the instrument manufacturing industry will have more to gain by foreign trade than 
it will lose. The current ratio of instrument exports/imports is about 10/1, with the outlook 


that exports wgll increase 7 times more than imports. 


The beginning ot the Soaring ‘60's is important to the instrument profession for several 
reasons: Industry plans to spend more than $38 billion in 1960 for plants and equipment, 
then cut back to about $36 billion in "61 despite a predicted steady increase in Gross Na- 
tional Product. All indicators point to an improvement in existing facilities rather than in- 
creased capacity, with a higher-than-average figure going for instrumentation. Chemical and 
petroleum processing managements have clearly stated they want major productivity improve- 
ments in existing plants. Apparently they expect to meet increased consumer demands for sev- 
eral years, and be ready to cut back in case the predicted 1962 recession materializes. 


It is clear that industrial brass is putting considerable faith in automation to make their 
plans come true. The instrument engineer is on the spot, but he has never had a better op- 
portunity to show his worth. The instrument manufacturer has never had a more receptive mar- 
ket. This is a challenge that holds tremendous promise for both profit and recognition. The 
mark of a satisfied customer and a smooth-running plant in 1962 could boost the instrument 
engineer into a powerful position in top-level management. 


Now is the time to pull our all the stops. Most manufacturers are willing to talk seriously 
about more time, more money, more manpower, for investigation, design, prototypes, consul- 
tation and systems engineering. Computers and data handling equipment have stirred the im- 
agination. Operations and process engineering have the word from the front office to pay 
close attention to instrumentation. The highly trained engineer and instrument specialist are 
certain to have a big part in this undertaking. 


Are you ready to meet the challenge of the Soaring ‘60's? Are you keeping up to date in 
concepts and hardware? Are you willing to ad nit there is a lot to understand and learn? Are 
you prepared to “think big” with ambitious proposals and sophisticated instrument systems? 
Do you have the courage and conviction to throw tradition out the window and use logic to 
solve your problems? 


In the coming decade, you have the chance of a lifetime—don’t fumble the ball! 


Chiat 


Editor 
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IC AMPLIFIERS 
STRUMENTATION 


Strange it is that discovery of the vacuum tube came three years after 
the discovery in 1903 of the basic principle of magnetic amplification. 
While the vacuum tube went on to create our giant electronics industry of 
today, and the transistor, discovered only 12 years ago, is surging forward 
at an amazing pace, the magngtic amplifier received little development 
attention until after World War II, and only recently has arrived on the 
instrument scene. Why was this so? 

Two major factors have spurred magnetic amplifier development: 1. 
the pressing need for greater reliability than vacuum tubes provide; 2. the 
advent of much higher permeability, lower eddy-current loss magnetic alloys 
like Hipersil, Mumetal and Deltamax. 

Today, both the transistor and magnetic amplifier are being hailed as 
“the successor to the vacuum tube.” In fact, scanning the advertisements, 
one might assume that any electronism not “transistorized” just isn’t modern, 
so completely has the transistor stolen the fancy of the nation. 

In this three-way contest, some instrument engineers are claiming that 
magnetic amplifiers arrived too late: that the transistor already has solved 
the vacuum-tube unreliability problem. Your editors believe this contention 
is refuted by the recent marketing of magnetic amplifier instruments of ma- 
ture and sophisticated design by firms of unquestionable competence—Nor- 
wood Controls, Foxboro, Bailey Meter, Leeds & Northrup, Hagan Chemical— 
to list just a few. These wear-free, maintenance-free electromagnetic instru- 
ments offer simplicity, ruggedness, freedom from drift and reliability un- 
matched by any other. We think that each device—the vacuum tube, the 
transistor and the magnetic amplifier—will find its own permanent field 
of usefulness in instrumentation. 

Magnetic core devices are finding many applications in instrumentation: 
the nonlinearity of their flux-current loops is employed in voltage and cur- 
rent sensors, flip-flops and voltage stabilizers; their magnetic remanence 
is used in counters, frequency meters and memories; two cores combined 
form transformers for large direct current and voltage measurement; with 
transistors added, they are useful as inverters; and recently the combination 
of tunnel diodes and saturable reactors provides a wide variety of oscillators 
for data handling. 

However, our following 15-page review is concerned only with magnetic 
cores combined with rectifiers to form “magnetic amplifiers”—and what we 
suppose should now be called “magnetic-amplifierized” instrumentation! 
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“its heart is a saturable magnetic core 


PART I: HOW MAGNETIC AMPLIFIERS WORK 


Parts |, Il and Ill are by 
HORACE E. DARLING 
Research Engineer 
The Foxboro Company 


Foxboro, Massachusetts 


THE HEART of the magnetic am 
plifier (M-A) is a saturable ferromag- 
netic core. Thus, to understand M-A’s, 
we must study how their cores be- 
have. 

The simplest reactor would be a 
coil of wire carrying alternating cur- 
rent (ac). As every high school 
physics student knows, the flow of 
a-c current through chis coil is lim- 
ited by its inductive reactance. Now, 
if an iron core is placed within the 
coil, (Figure 1) the current flow is 
much reduced because the iron core, 
of magnetic permeability much higher 
than air, greatly increases the in- 
ductance of the coil. 

However, if an increasing a-c volt- 
age is applied to the coil, larger cur- 
rents will flow, increasing the mag- 
netic flux through the core. Eventu- 
ally, this core will become saturated: 
it can carry no larger flux. To volt- 
ages above this saturation point (and 
here’s the gist of the M-A principle) 
the reactance acts substantially like a 
pure (noninductive) resistance—a 
“saturated reactor.” Above this satura- 
tion point, an increased voltage will 
cause large increases in current flow. 

Restated, the M-A principle is this: 
below core saturation, the saturable 
reactor opposes each current increase 
by a Jarge increase in its inductance; 
above cofe saturation its inductance 
is low and constant (relatively), so it 
can not increase its Opposition to cur- 
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Figure 1, (Left). The simplest reactor. Figure 2, (Right). Magnetic 
amplifier elements—saturable core, gate winding and control winding. 


rent flow. Magnetic amplifiers take 
advantage of this simple principle. 
In a practical saturable reactor, a 
second winding is placed around the 
core for the purpose of controlling its 
level of saturation (Figure 2). When 
control-coil current is zero, core sat- 
uration is low and gate-coil imped- 
ance will increase rapidly to oppose 
any increase in load current. Thus, a 
minimum load current will flow. 
When control current is high, the core 
saturates, and no increase in gate-coil 


impedance can oppose an increase in 
load current, so load current will be 
maximum. Thus, a small control cur- 
rent can regulate a large load cur- 
rent, which is amplification—mag- 
netic amplification. Note, however, 
that at zero control current, some 
load current may flow. 

In commercial practice, these de- 
vices are classed roughly into two 
groups: 

1. Saturable Reactors—generally are 
thought of as power control devices, 








total flux = A,B, 
flux change = 6 = 2A,B, 


(No Bias) 








a-c flux change = 6 — g,, 


(With Bias) 








Figure 3. Hysteresis loop. (“H’ means magnetizing force; “B’” means flux.) 
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where small d-c power controls large 
a-c power in the 100-watt to 500-kilo- 
watt range. 

2. Magnetic Amplifiers—are gener- 
ally considered as amplification de- 
vices, where small d-c power con- 
trols large d-c power in the milliwatt 
to 2000-watt range. 


The Magnetic Hysteresis Loop 


The ability of a magnetic core to 
amplify is related to its flux vs. mag- 
netizing force properties (Figure 3). 
Assume that the core is completely 
demagnitized, as represented by the 
origin of coordinates. If a positive 
(+) magnetizing force is applied, the 
core flux will increase somewhat (dot- 
ted curve), and eventually reach sat- 
uration, designated by +By. On re- 
moving the magnetizing force, the 
flux will follow the solid line; how- 
ever, it will not reduce to zero, but 
will remain at a high value +Br. A 
negative (—) magnetizing force must 
now be applied of magnitude —Hg to 
reduce the flux to zero; and further 
increase in the negative magnetizing 
force will produce saturation —By. 
Removal of the magnetizing force 
again leaves a residual flux —Bp, now 


“here’s the gist of the M-A principle” 


requiring a positive magnetic force 
to restore the flux to zero, at +H¢. 
Under an alternately positive and 
negative magnetizing force, the flux 
would follow the solid line, absorb- 
ing an amount of energy proportional 
to the area of the hysteresis curve. 

In the ideal core, application of an 
extremely small magnetizing force 
will alter flux from negative satura- 
tion to positive saturation. On re- 
moval of the magnetizing force, the 
ideal core should remain positively 
saturated, but on magnetizing force 
reversal, should abruptly return to neg- 
ative saturation. Thus, only a very 
little energy would drive the core 
from one flux state to the other and 
back, making possible very-high pow- 
er-gains. 

However, all actual core materials 
exhibit hysteresis, and the nearest ap- 
proach to ideal is a “square” B-H 
curve, having the smallest possible 
separation between its vertical sides, 
and a By/Br approaching unity. The 
“squareness” of the hysteresis loop is 
determined by the Br/By ratio, and 
in the modern cores frequently has a 
value of 0.95. The area of this. curve 
is a measure of the energy required to 
carry the flux through one complete 


cycle of flux reversal, and of possible 
power gain; its vertical slope, a meas- 
ure of possible current gain; and its 
saturation value, of its power-handling 
abilities. These three factors usually 
determine the choice of core ma- 
terial for a specific application. 

The total flux change that a given 
core can support is determined by 
its magnetic properties and geo- 
metrical dimensions. The “excitation” 
or “gate” winding for a given core 
iS so proportioned that, for the ex- 
citation voltage available, the core 
just reaches saturation at the termina- 
tion of each half-cycle of the power 
supply (Figure 3B). If a second 
winding is added to the core, and a 
separate source of d-c excitation is 
applied to it, (dae), then at the in- 
stant that the sum of the fluxes pro- 
duced by the control winding and the 
gate winding reaches the total that 
the core can support (¢ = dac + dac), 
the core saturates and the gate circuit 
inductance vanishes. The saturation 
occurs before completion of a _half- 
cycle, and the point in the cycle at 
which it occurs (“firing angle”) can 
be changed by adjusting the magni- 
tude of control flux. This is the basic 
principle of all magnetic amplifiers. 


PART Il: TYPES OF M-A’S USEFUL IN INSTRUMENTS 


Before the reliability of magnetic- 
amplifier control systems can be evalu- 
ated, we must outline the properties 
and limitations of the more import- 
ant types. 


1. The Saturable Reactor “SR” 


The simplest of all magnetic am- 
plifiers, the saturable reactor, is made 
of a pair of matched cores, each con- 
taining a gate winding, and having an 
additional control winding which is 
common to both cores (Figure 4A). 
The two gate windings are oppositely 
polarized so that no fundamental sig- 
nal can be induced in the control 
winding. With the control circuit 
open, a sine wave of voltage applied, 
and the windings proportioned as 
previously described, the cores do not 
saturate, and the assembly offers a 
high impedance, allowing only mag- 
netization current to flow through 
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the load. On application of a control 
signal, the core saturates before the 
completion of each half-cycle, and the 
load current increases to a value lim- 
ited by load circuit resistance. Typical 
wave forms for gate and load voltages 
are shown in Figure 4B. Note that 
load voltage is a portion of a sine 
wave of voltage which is abruptly 
turned on when the core saturates. 
Plotting output rms current vs. con- 
trol current yields the “transfer char- 
acterictic” of this amplifier (Figure 
4C). With no control current, che 
output is minimum, and as the con- 
trol current is increased, the output 
increases until it reaches a value lim- 
ited by load resistance. This is the 
condition of complete saturation of 
the amplifier throughout the cycle: 
the control flux equals the total flux 
thet the core can support. The slope 
of the curve at any point represents 
the dynamic gain of the amplifier at 


that point. If the control current 
polarity is reversed, the output goes 
through a similar change; hence this 
amplifier cannot recognize control- 
current polarity. 

If the control voltage is given a 
step change, the output voltage does 
not undergo a step change because of 
the inductance of the device. Instead, 
there is an exponential rise in out- 
put voltage. 

In spite of the fundamental ad- 
vantages of the SR (See Table 1 on 
page 62), it is now rarely used, except 
for high current and power levels 
where use of rectifiers is impractical, 
undesirable, or impossible. 


2. The Saturable Reactor 
with Feedback 
Feedback can overcome some dis- 


advantages of the elementary SR ( Fig- 
ure 5A). A second control winding 
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is added through which the load cur- 
rent passes after having been con- 
verted to dc by a full-wave rectifier. 
The flux so produced either will aid 
or oppose the control flux, depending 
on control-signal polarity. The load 
current can be ac or dc depending 
on the position of the load resistance 
in the circuit. It is an interesting and 
fortunate property of magnetic am- 
plifiers, as contrasted with some other 
types of amplification, that positive 
feedback can be applied between 
suitable limits without loss of funda- 
mental stability. 

The transfer curve is modified 
(Figure 5B), and is no longer sym- 
metrical with respect to control sig- 
nal. Gain is increased by positive 
feedback, and decreased by negative 


feedback. 


3. Self-Saturating 
Reactor “SSR” 


A simple reconnection of the core 
assembly of an SR, and the inclusion 
of two rectifiers will produce the 
“self-saturating” magnetic amplifier, 
now one of the most commonly used. 
In Figure 6A is shown a parallel-con- 
nected, self-saturating magnetic am- 
plifier which requires a center-tap 
supply of excitation power. The cen- 
ter-tap supply obviates two additional 
rectifiers to form a complete bridge, 
and is the most reliable circuit for 
the  self-saturating magnetic am- 
plifier 

This device operates differently 
from the saturable reactor. Consider 
core A alone: during the half-cycle 
when the a-c polarity is such as to 
make che diode in series with the 
gate winding of core A conductive, 
and since the gate winding usually 


consists of a large number of turns, 
the core will saturate early in the 
cycle. Since the rectifier ideally pre- 
vents the flow of current on the re- 
verse half-cycle, the core remains sat- 
urated (since “square’-loop material 
is being used) until some other flux 
acts on it, such as that obtained from 
the control circuit. On the next half- 
cycle, core B follows the same pat- 
tern, quickly saturates, and remains 
saturated. Thus, with no control sig- 
nal, after the passage of one cycle of 
supply frequency both cores are in 
a completely saturated condition, and 
the current flow through the load is 
limited largely by load resistance. 
With application of control current, 
the load current is a chopped full- 
wave signal (Figure 6B). 

It was pointed out above that for 
the saturable reactor with a feedback 
winding, if the rectified d-c output 
were allowed to flow through the 
feedback winding, positive feedback 
could be accomplished and the gain 


of the amplifier greatly increased. 
From the circuit diagram of Figure 
GA: all load current flows through the 
gate windings; thus a high degree of 
positive feedback is built into this 
type of amplifier (without loss of sta- 
bility), producing a higher current- 
gain than is easily achieved with a 
saturable reactor plus feedback. The 
addition of a control signal opposes 
the flux locked into the cores by a 
self-saturating action, and controls the 
firing angle and load current. 

A transfer curve of load current vs. 
control current has the form shown 
in Figure 6C. With no control sig- 
nal, the load current is maximum, and 
as a control signal is increased in the 
negative direction, the output current 
gradually decreases to a minimum 
value. This operation is exactly the 
reverse of the simple SR. 

With all its changes and differ- 
ences in operation, the SSR is still 
effectively a variable inductance with 
a time constant. It will not reproduce 
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Self-saturating 
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“all the properties of a latching relay” 
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Figure 7. Bi-Stable Self-Saturable Reactor. 


a step input, but the output will 
change exponentially with time. 

In general, the advantages of the 
SSR (Table I) more than over- 
weigh the potential reduction in re- 
liability due to its slightly more com- 
plex circuit. 


4. Self-Saturating M-A with 
External Positive Feedback 


If there is added to the self-satur- 
able reactor another control winding 
(Figure 7A) through which load cur- 
rent is allowed to flow, positive or 
negative feedback is applied to the 
system according to whether the flux 
on this winding aids or opposes the 
control flux. For positive feedback, 
as the number of ampere turns of the 
feedback winding is increased, a point 
is approached where the amount of 
control current needed to swing the 
output from minimum to maximum 
becomes indefinitely small. This con- 
dition, theoretically, represents one of 


infinite gain. If more ampere turns 


Figure 8. Epoxy - resin - filled 
construction of this 3-stage, 
5-watt amplifier shows why 
M-A’s have such _ reliability 
and long life. (Airpax data- 
logging amplifier, type 5301). 


now are added beyond this limit- 
ing condition, the device is bi-stable 
(Figure 7B). As the control current 
is increased, the output current grad- 
ually decreases in the normal manner, 
then abruptly changes from a large 
to a small value. Upon decreasing the 
control current, at first very little ac- 
tion takes place, and then at a critical 
point, the output abruptly changes 
from a small to a large value once 
again. Such a device has all the prop- 
erties of a latching relay: the control 
signal can be made to change ab- 
ruptly from a large to a small value, 
and furthermore, a definite change in 
the control current must take place 
before the unlatching operation oc- 
curs. 

This snap action of the magnetic 
amplifier produces a highly reliable 
relay, which can be used as a logic 
element in magnetic amplified com- 
puters. It is ideal for alarm systems, 
and can be made to unlatch only by 
manual operation. 


Figure 9. Fast response SSR. 


5. One-Cycle Response 
Magnetic Amplifier 


Basically, the ome-cycle response 
amplifier is a half-wave magnetic am- 
plifier using one core and two diodes 
(Figure 9A). Its gate circuit is identi- 
cal with that of the SSR, and in the 
absence of a control signal, leaves 
the core saturated at the end of the 
first half-cycle. The control circuit 
differs from that of the SSR in 
that it is supplied with a half-wave 
rectified signal from the same power 
source as the gate circuit, but 180° 
out of phase. It is designed to de- 
liver enough ampere-turns of flux to 
the core to completely saturate the 
core each half-cycle; thus it is in ef- 
fect, a second gate circuit. On one 
half-cycle, the gate circuit will satur- 
ate the core, and on the next half- 
cycle, the control circuit can com- 
pletely de-saturate or “reset” the core. 
The magnitude of the control or re- 
setting current and, hence, the firing 
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Figure 10. 
Second-harmonic 
magnettor. 
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angle of the gate circuit is determined 
by the control device used. This am- 
plifier is unique in that the control 
signal can be influenced by a re- 
sistance, reactance, or a-c or d-c volt- 
age introduced into the control cir- 
cuit. Wave forms for the half-wave 
circuit are shown in Figure 9B. 

A full-wave circuit can be made 
(Figure 9C) by including another 
half-wave circuit similar to the one 
just described, but working 180° out 
of phase with respect to it. Wave 
forms would be as in Figure 9D. The 
transfer curve of average load-current 
vs. control-voltage is the same as for 
the SSR (Figure 6C). 

The most unique feature of this am- 
plifier is that its output current will 
change to full value within one cycle 
after a step control change has been 
applied. The exponential rise as- 
sociated with all other types of mag- 
netic amplifiers is no longer present. 


ISA Journal 


6. The Second-Harmonic 
Magnettor — A Low-Level SR 


The second-harmonic magnettor 
(Figure 10A) is basically a carefully- 
balanced SR, consisting of two cores, 
each with its associated gate wind- 
ing; and a control winding which is 
common to both cores. Its principle: 
while the cores are not saturated, 
transformer action by each core in- 
duces a voltage into the control wind 
ing. When no control current is flow- 
ing, the induced fundamental voltages 
of both cores cancel because of the 
opposing polarities of the two gate 
windings, and no net voltage appears 
in the control winding. However, 
when a d-c signal flows, a second- 
harmonic voltage appears in the con- 
trol circuit, of magnitude proportional 
to the control current, which can be 
accentuated by including in the con- 
trol circuit a tuned trap resonant to 


the second harmonic. By this means 
also, the wave form of a signal is 
altered from a chopped pulse to ap- 
proximately a sine wave. This de- 
vice is polarity sensitive: the phase 
of the second-harmonic signal will re- 
verse when the polarity of the d-c 
control signal is reversed. In addition 
to the second-harmonic signal, all 
other odd harmonics of the supply 
frequency are present, and the tuned 
trap accentuates the desired second 
harmonic. 

In the transfer curve for this am- 
plifier (Figure 10B) peak-to-peak a-c 
output is plotted as a function of the 
d-c control signal. The slope of this 
transfer curve is greatly affected by 
the Q of the tuned circuit used. 

Since the magnettor converts a d-c 
signal into an a-c signal, it is effec- 
tively a static chopper and amplifier 
combined, and can be used in place 
of a mechanical chopper and one stage 
of amplification. Ordinarily, its use 
is limited to detection of very small 
d-c signals; in a different physical con- 
figuration, it can also be used as a flux 
detector or magnetometer. It is po- 
tentially very stable and reliable, since 
no bias or rectifiers are used. 

The magnettor has been used in a 
precision production instrument by 
The Foxboro Company for several 
years, and has proved to have zero 
stability of 144% of scale with time, 
and to have indefinite life. 


7. A Balanced Self-Saturating 
M-A for Low-Level Work 


This device is basically two half- 
wave self-saturating magnetic am- 
plifiers in push-push connection ( Fig- 
ure 12A). It consists of two cores, 
each with a gate and bias winding; 
and common to the two cores, is one 
or more control windings. Both cores 
gate simultaneously on the same half- 
cycle, and both cores are reset on the 
opposite half-cycle by the bias wind- 
ing; the polarity of the fluxes in the 
two cores is in Opposite senses so as 
not to induce any fundamental signal 
in the control winding. With the 
condition of no control current, and 


’ Figure 11. This M-A power-control 
unit delivers up to 3 kw for regula- 
tion of speed, furnace heat, etc. 
High-speed M-A is in center, sur- 
rounded by “solid-state thyratrons,” 
heat sinks and fuses. (By CON- 
TROL, a Div. of Magnetics, Ine.) 





with the system balanced, equal pulses 
flow through the two load resistors 
R, and a differential output taken 
across these two resistors is zero. Such 
a balance requires very careful design 
and selection of the two cores, selec- 
tion of the rectifiers—both for con- 
duction and temperature characteris- 
tics—and balancing of the load re- 
sistors. 

When a control signal is applied, 
the flux generated by the control am- 
pere-turns opposes the flux in one 
core and aids the flux in the other, 
therefore changing the voltage drops 
across the two resistors R, producing 
a met output which will flow through 
the load. The output signal is a pulse 
consisting of the difference between 
two chopped sine-waves of slightly- 
different firing angles. The tech- 
niques used in the development of the 
second-harmonic magnettor amplifier 
have been applied to this particular 
device. 

The shape of the transfer curve 
(Figure 12B) is similar to that of 
the second-harmonic magvettor, with 
the difference that the output is dc. 
Filter capacitors can be added when 
a pulse output is not desired, but 
should be matched to maintain a good 
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Figure 12. Balanced SSR. 


zero balance, and will add a time 
constant to the circuit. 


This amplifier can be controlled by 
a d-c signal, an a-c signal of supply 
frequency, or an a-c signal of twice 
the supply frequency. 


Two disadvantages: isolating imped- 
ance is required in the control circuit 
—usually a choke, if high current and 
power gain are required. The time 
constant of the choke usually is the 
major factor in the time constant of 


the stage; and, for very low level 
work, this amplifier must be mag- 
netically shielded against stray fields, 
and electrostatically shielded against 
a-c pickup. 

Because of the rectifiers used, this 
amplifier is probably not as reliable 
as the magnettor. Two year's expefi- 
ence with this balanced amplifier 
demonstrates zero stability of the same 
order as that of the magnettor, due 
principally to use of the best quality 
silicon rectifiers available. 


Part Ill: Reliability of Magnetic Amplifiers 


Reliability in Cascade . 


Those magnetic amplifiers just de- 
scribed are the types most useful as 
building blocks for electronic instru- 
ment and control systems. Each has 
been described as a single stage unit; 
as such, its properties are well un- 
derstood and its performance can be 
predicted with good accuracy. How- 
ever, when stages are cascaded, a dif- 
ferent situation arises due to interac- 
tion effects which are a fundamental 
property of magnetic amplifiers. Pre- 
diction of performance is no longer 
easy; one frequently must rely on ex- 
periment. Despite these difficulties, 
the cascading of as many as four 
stages is now practical. Fortunately, 
four stages are adequate for all con- 
trol problems encountered to date. 


As the number of stages increases, 
the expected reliability of the as- 
sembly decreases rapidly. Therefore, 
it is necessary to build the utmost 


in reliability into each individual com- 
ponent. Experience shows that toroid- 
al cores (of either the tape or 
stamped-ring variety) when properly 
mounted and encapsulated constitute 
the most reliable core structure. Care- 
ful design of windings—their insula- 
tion, impregnation, and encapsula- 
tion—have reduced failure probability 
of the torodial magnetic amplifier 
virtually to zero. Silicon junction rec- 
tifiers operated well below their rat- 
ing have shown failure probability so 
low as to be difficult to measure; such 
units have been continuously operated 
for over four years without measur- 
able change in properties. Other com- 
ponents, such as resistors and ca- 
pacitors, will have indefinite life when 
properly applied. The experience of 
several years of working with cas- 
caded magnetic amplifiers, when the 
utmost in reliability has been designed 
into each stage, shows that the life 
expectancy of a three or four stage 


amplifier is burt little different from 
a single-stage unit, with a 10-year life 
expectancy being very probable. 


Stability 

Reliability, as defined here, ap- 
plies not only to life, but also to 
constancy of zero, gain, and time 
constant under all normal conditions 
of ambient temperature, supply volt- 
age, etc. A zero shift in one stage will 
be amplified by all succeeding stages. 
However, it can be made to nearly 
correct itself by negative feedback 
around all stages. For high-gain am- 
plifiers, input-stage zero stability be- 
comes very important, and is the rea- 
son for the development of the mag- 
nettor and balanced SSR. Also, with 
feedback, gain is stabilized, and time 
constant reduced. The answer to 
stable zero, gain, and time constant 
is use of degenerative feedback. A 
particular specification could require 
fantastically-high open-loop gain, and 
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TABLE Il: HOW FOUR TYPES OF MAGNETIC CORES RATE FOR INSTRUMENT 


USE 





Type of 
Magnetic 
Core 


Magnetic 
Structure 


Hysteresis 
Characteristics 


Matching 
of 
Cores 


Input & Output 
Power Levels 
and Gain 


General Comments 





E-I 


Has residual air gap, 
which is temperature 
sensitive. Shape prevents 
best use of grain 
orientation. 


Poor square hysteresis 
loop, further reduced by 
eddy currents, insulation, 
& the mechanical strains 
of assembly and 
mounting. 


Difficult 


Not recommended for 
low power input. Useful 
for output above | watt. 
Moderate to low current 
gain per stage (10 to 
30). 


Mass production tech- 
niques yield high 
reliability. Rugged, 
inexpensive, bulky, 
sensitive to external 
fields. 





Tape-Wound 
Toroid 


Stamped- 
Ring 
Toroid 


Much less air gap than 
E-1, so less temperature 
sensitive. Better use of 
grain orientation; ap- 
proximates toroid 
properties. 


Very small air gap. The 


ultimate in grain orien- 
tation. If correctly 
packaged, is relatively 
insensitive to temperature 
changes. 


No air gap; very temper- 
ature stable. Effective 
use of grain orientation. 
When packaged in metal 
box and sealed, is im- 
mune to shock, corrosion 
and mechanical strains. 


More nearly square 
hysteresis loop, reduced 
by insulation, as- 
sembly and mounting 
strains. 


Squarest loop of any 
type. When properly 
encapsulated, is insensi- 
tive to mounting 
strains. 





neryone Bip nes loop. 
Most nearly strain free 
of any type core; no 
mounting problem. 


Difficult 


Close matching is 
standard procedure, 
at room temperature. 
Differential unbalance 
with temperature is 
usually large. 


Balanced pairs easily 
obtained. Differential 
unbalance with tem- 
perature can be very 
small, and is easily 
achieved. 


Inputs down to 10-* 
watts. Current gains 
to 100/stage. Power 
gains to 40 db/stage. 


Inputs down to 10-% 
watts or less, limited 
only by core noise 
level. Current gains to 
1000 /stage; power 
gains to 50 db/stage. 


Inputs down to 10-14 
watts. Core noise 10-1 
watts or less, depending 
on material. Current 
gains to 5000/stage 

and power gains to 60 
db/stage are possible. 


Mass production tech- 
niques yield high 
reliability. Careful assem- 
bly required. Rugged, 
moderately expensive, 
bulky, sensitive to 
external fields. 
Special winding tech- 
niques required; 
however, result is 

high uniformity. Rugged, 
compact, expensive, 
insensitive to external 
fields. 


Specia! winding tech- 
niques are necessary, 

but production methods 
yield high uniformity. 
Rugged, compact, 
expensive. Very low-level 
amplifier requires 








shields. 





high percentage of negative feedback. 
Yet, if one is willing to sweat out the 
various problems, multi-stage ampli- 
fiers can be built with sufficient sta- 
bility and reliability to be classed as 
precision measuring devices. 

Several cascaded stages of high 
open-loop gain, invariably will oscil- 
late at a low frequency when a high 
negative feedback is applied around 
them. Amplifiers can be stabilized 
with derivative and integrating feed- 
back circuits which compensate for 
the time constant and transport lag 
found in all magnetic amplifiers. With 
these circuits, the frequency response 
of the amplifier can be adjusted over 
wide limits. Condensers and resistors 
applied to such circuits must be se- 
lected with emphasis on reliability. 


Factors Affecting 
Component Reliability 


In primary elements for process con- 
trol, such as transmitters, recorders, 
and controllers, the power output 
usually is less than 10 watts. Using 
commercial power frequencies, the am- 
plifiers are small and relatively easy 
to build. Element reliability is only as 
good as that of the individual com- 
ponent. The following outlines fac- 
tors to consider in choosing indi- 
vidual components. 


Cores. The heart of the magnetic 
amplifier is its core, so cores must 
be carefully selected for each indi- 
vidual application. There are four 
types of cores in general use for mag- 
netic amplifiers: E-I, DU, tape-wound 





Figure 13. 
The four types 





of magnetic 





cores. Upper left, 





E-I core lamina- 














= 


LAMINATIONS 





E-| 


© 


STAMPED- RING 
LAMINATIONS 


D-U LAMINATIONS 


tion (Allegheny 
Ludlum Steel 
Corp., type 
EI-28); upper 
right, DU lamina- 
tion (Magnetic 
Metals Co., type 
1-DU); lower 
right, tape-wound 
toroid core 
(Magnetics, Inc., 
#51003-4A) ; 
and lower left, 
stamped-ring 
laminations 
(Magnetic Met- 
als type 84-R). 


TAPE - WOUND 
TOROID 
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toroid, and stamped-ring toroid (See 
Figure 13). The advantages and dis- 
advantages of each are listed in Table 
IL. 


The chief drawback of E-I cores is 
their residual air gap, which makes 
them temperature sensitive. For power 
levels over one watt, they are rugged, 
moderately reliable and inexpensive. 
However, they are comparatively 
bulky, and sensitive to external fields. 
In instrumentation, E-I cores are sel- 
dom used for anything but power 
transformers and chokes. 


With their smaller air gap, DU 
cores are less temperature sensitive. 
They are rugged, reliable and inex- 
pensive, but bulky, and sensitive to ex- 
ternal fields. 


! 
| 


Figure 14. Typical silicon rectifiers 
suited to M-A circuits. Texas In- 
struments Incorporated type IN645 
(left) and IN540 (right). 








TABLE Ill: RECTIFIER RELIABILITY COMPARED 





Type of 
Rectifier 


Construction 
Method 


Front-to-Back 
Ratio 


Voltage 
per Cell 


Ambient 
Temperature 
Range 


Life 
Expectancy 


General 
Comment 








Selenium 


Germanium 


Silicon 





Relies on pressure 
contact—conductor 
to semiconductor. 
Cooling fins re- 
quired for high 
currents. Encap- 
sulate for corrosion 
and shock pro- 
tection. 


Fused metal-to- 
semiconductor 
junction. Cooling 
fins required for 
high currents only. 
Hermetic sealing 
mandatory. Very 
rugged. 


Fused metal-to- 
semiconductor 
junction. Cooling 
fins required for 
high currents only. 
Hermetic sealing 
mandatory. Very 
rugged. 


Moderate. High 


forward resist- 
ance. Effi- 
ciencies 60 to 
° 
3. 


High. Low for- 
ward resistance. 
Highest effi- 
ciency of any 
solid-state rec- 
tifier (98%). 


Highest. Mod- 
erately low 
forward resist- 
ance. Efficiency 
96%. 


Low, re- 
sulting in 


large size. 


Highest 
of any 
solid-state 
rectifier. 
Hence 
smallest 
size. 


Below 100°C. 
Properties change 
much with tem- 
perature 


40 to +100° C. 
Front-to-back ratio 
and forward re- 
sistance change 
with temperature. 
Hard to match 
pairs for tempera- 
ture effects. 


-100 to +300° C. 
Electrical proper- 
ties unaffected by 
temperature over 
wide range. Pairs 
easily matched for 
both forward re- 
sistance and front- 
to-back ratio vs 
temperature 


Indefinite, 
if suitably 
derated. 


Indefinite 
with 50% 
or more 
derating. 


Indefinite 
at 50% 
derating. 
Aging 
effects very 
small. 


Principal use is for 
high-current appli- 
cations. Unsuited 
for low power. 
Electrical properties 
can’t be ignored 
in magnetic am- 
plifier design. 
Inexpensive. 


Unsuited for low- 
power use where 
zero stability is 
critical. Shows 
aging effects with 
time. Moderately 
expensive. 


ideal for low 
power use where 
zero stability is 
critical. Most 
stable solid-state 
rectifier known.* 








*Foxboro experience has led us to specify these rectifiers wherever possible. 





Tape-wound toroidal cores, when 
in hermetically-sealed 
liquid or grease-filled metal boxes, are 


encapsulated 


self-saturating reactors 
There are three 
selenium, germanium 


and 15). 


general 


(Figures 14 


types in 


amplifiers, 


Other Components. 
ents needed for use with magnetic 
transformers, 


such as 


Other compon- 





very rugged and reliable and insensi- 
tive to shock, acceleration, mounting 
strains, corrosion and temperature. 
They are small and relatively immune 
to stray fields. 

Stamped-ring toroids also must be 
packaged in sealed metal boxes, and 
either liquid filled or have laminations 
paper separated. They are compact and 
relatively insensitive to external fields. 
Rectifiers. The second most import- 
ant M-A reliability factor is the prop- 


and silicon; each with its advantages 
and limitations. (See Table III). 

Capacitors. Due to the pulsating 
wave form output of all magnetic 
amplifiers, instrumentation work fre- 
quently requires filtering in the load 
circuit, using R-C or L-C networks. 
Capacitors also are used for dehunt- 
ing and adjusting frequency response 
characteristics. Three types are in gen- 
eral use: metal foil, aluminum elec- 
trolytics, and tantalum  electrolytics 


(See Table IV). 


chokes, and resistors, are all very re- 
liable when conservatively designed 
and applied. This is so well under- 
stood that further discussion is un- 
necessary. 


Construction Practices 
for Maximum Reliability 


For multi-stage instrument am- 
plifiers, cores for individual stages 
should be carefully selected according 
to the requirements of that particular 
stage. As an illustration, consider the 


erties of power rectifiers used with 


Figure 15, (Right). An idea of the 
size of germanium rectifiers is giv- 
en by this photo of General Elec- 
tric type IN93. 


Figure 16, (Below). Porous-plug 
tantalum capacitor, type PP. Fan- 
steel Metalurgical Corp. 


™~S 


Ry 
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“10-year life expectancy is probable” 


TABLE IV: CAPACITORS EVALUATED FOR MAGNETIC AMPLIFIER USE 





Type of 


Capacitor Capechy 


Reliability 


Suitability 
for Time- 
Constant Circuits 


Application 





Foil are bulky and ex- tor known. 


pensive. 


Aluminum 
Electrolytic 


leakage increases 
with increasing 
temperature. 


Large capacity per 
unit volume. Ca- 

pacity and leakage 
vary only slightly 
with temperature. 


Tantalum 
porous plug) 


cycle. 





Metal Large capacity units |Most reliable capaci- ‘Ideal, especially 


Have large capacity (Only fair. Short shelf Not suited where 
per unit volume. Ca- life, but indefinite 
pacity decreases and operating life if 
conservatively rated 
and used at near 
100% duty cycle. 


Excellent.* Indefinite Useful. Some types 
shelf life, and oper- have leakage of 1/2 
ating life if conserva- million megohm- 

tively rated. Can be microfarads at 25% pensive. 
used at any duty 


Useful to 200°C, or 
where leakage is higher without de- 
important. Has excel- rating. Use where 
lent insulation practical to obtain 
properties—1 million maximum reliability. 
megohm-micro- 

farads, or more. 


Useful temperature 
range: —40 to +80° 
C for well designed 
units. Recommended 
for “brute force’ 
output filters only, 
where changing 
properties are un- 
important. 
Inexpensive. 


leakage is critical. 


Useful temperature 
range: —40 to +200° 
C. Moderately ex- 


rating, almost as 
good as metal-foil 
types. 











*Foxboro experience indicates use wherever reliability is paramount 





case of a three-stage magnetic ampli- 
fier required to operate from a thermo- 
couple and to deliver 10 watts output 
maximum. The imput stage should 
use ring cores of high-permeability 
material for reasons of the low-level 
input, excellent zero stability, low 
noise level, and high current gain de- 
sired. The intermediate stage should 
use a tape-wound toroid of high per- 
meability because of high current and 
moderate power gains required, good 
zero stability, and moderate noise 
level. The output stage could well use 
DU laminations (for cost reasons) 
since moderate current gain and large 
power-handling capacities are fe- 
quired, and noise requirements and 
zero stability are relatively unim- 
portant. It is good practice, however, 
to use tape-wound toroids here also, 
if practical considerations will allow. 


Copper wire for windings is nor- 
mally sized according to transformer 
practice. For toroids, heavy insulation 
(such as triple Formvar applied to the 


copper) is required to eliminate pos- 
sible shorted turns because of the 
unavoidable scramble winding that 
occurs, and the rough treatment given 
the wire by the toroid winding ma- 
chines. The finished winding should 
be vacuum impregnated for maximum 
reliability. 

For greatest efficiency, the resist- 
ance of the gate winding should be 
as low as practical. On the other hand, 
in the event of accidental short circuit 
of the load of a magnetic amplifier, 
the current is limited by the forward 
resistance of the rectifier, resistance 
of the gate windings, and the regu- 
lation of the power transformer, if 
any. A current-limiting resistor can 
be used, or the resistance of the gate 
windings themselves can be designed 
with a higher internal resistance to 
act as its own current limiter. A 
well-designed magnetic amplifier will 
work into a short circuit for extended 
periods without damage. 


Silicon rectifiers are recommended 


for use wherever possible, not only for 
their remarkable electrical and me- 
chanical properties, but also because 
they will withstand surge currents up 
to 10 times their rating for periods 
of several minutes. Permanent dam- 
aging of silicon junction rectifiers due 
to momentary short circuits is seldom 
experienced. 

Wherever power transformers are 
used, they should be designed for at 
least twice the actual power rating 
required because: excellent voltage 
regulation is obtained which aids the 
zero and gain stability problems; the 
transformer is less apt to be damaged 
under load short-circuits; and most im- 
portant, interaction between stages 
through transformer coupling is min- 
imized. 


Bias Current Considerations. Bias cir- 
cuits are required for most magnetic 
amplifier applications. A separate 
center-tapped transformer winding is 
recommended for isolation reasons, 
and silicon rectifiers are a must. The 
rectifiers should operate in a suf- 
ficently-heavy conducting state so that 
any residual temperature effect of 
their conduction characteristics is neg- 
ligible. Bias windings on the mag- 
netic amplifiers should be of mini- 
mum turns, well insulated from other 
windings, and should have an isolat- 
ing resistor in series with the wind- 
ing to prevent flow of current from 
gate circuit induced voltages. When 
properly designed, the bias circuit is 
the most reliable of all magnetic am- 
plifier accessories. 

Aside from insulation requirements, 
control circuits constitute no prob- 
lem. 

The completed amplifier should be 
thoroughly impregnated, and encap- 
sulated for mechanical and environ- 
mental protection. 


PART IV: MAGNETIC AMPLIFIERS AT WORK 


Eight Typical M-A Applications 


Conveyor Speed Control 


At Chrysler's new automobile as- 
sembly plant, Newark, Delaware, 
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floor and overhead conveyors are syn- 
chronized to travel in unison; car 
bodies are transferred from one con- 
veyor to the mext entirely auto- 


matically, with no human supervision. 

Conveyor speed and position are 
electrically measured and transmitted 
to centralized Magamp amplifiers 





which compare these signals to similar 
signals generated by a master syn- 
chrotie driven by the lead conveyor. 
Dogs spaced 16 feet apart along the 
conveyor chain are so accurately syn- 
chronized as to meet similar dogs on 
preceding conveyors within one inch, 
providing safe, dependable auto-body 
transfer, even from the main assembly 
line to inspection or repair lines. 

For flexibility, conveyors in each 
of several zones can be controlled at 
half or double the speed of the plant 
master rate to accommodate addition 
or removal of parallel lines 

M-A’s were used because they are 
dependable under the shock and vi- 
bration of assembly plants. 


Stepless Temperature Control 


A unique advantage of saturable re- 
actors—their ability to continuously 
(“steplessly”) modulate large electric 
currents — is exploited by West In- 
strument Corporation in their JSB 
Series instruments. West was one of 
the first firms to offer all M-A instru- 
sentation. This continuously propor- 
tioned heat input virtually eliminates 
the temperature cycling characteris- 
tic of contactor-controlled devices, and 
prolongs heater and furnace life by 
minimizing thermal shock 

A thermocouple drives a millivolt- 
meter-type indicating pyrometer ( Fig- 
ure 19). A carried on the 
pointer modulates the amount of light 
falling on a photocell, gradually vary- 
ing the cell output current. This out- 
put is amplified by the Ist stage mag- 
netic amplifier (Figure 18) contained 
in the millivoltmeter case. 


vane 


The second stage magnetic amplifier 
is housed in a separate “driver unit” 
containing the control adjustments 
(Figure 19). Driver output goes to a 
reactor, located at the furnace, which 
modulates furnace power input propor- 
tionally to temperature deviation from 


Figure 19. All-magnetic-amplifier 
pyrometer controller (left) and 
driver unit (right), produces step- 
less temperature control of elec- 
trically-heated devices. 


Figure 17. 
Westinghouse 
used magnetic 
amplifiers in this 
automobile 
assembly-line 
synchronizer 
control for 
Chrysler. 
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the set point. Note that both stages 
are “brute force” SR amplifiers with 
feedback over each stage; and that 
bandwidth (gain) is changed by 
adjusting Ist-stage negative feedback. 





BIAS CONTROL 
(RAISES QUIESCENT 
CURRENT LEVEL) 


The high stability of this magnetic 
amplifier instrument makes it particu- 
larly suitable where long-term, drift- 
free control is needed, such as creep- 
test and crystal-growing furnaces 
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Emf Transmitter 

Representative of the latest sophis- 
ticated developments in magnetic- 
amplifier instrumentation is this Fox- 
boro emf-to-current converter. Its 
function is to amplify the minute 
power (down to 10—'* watts) from 
emf-generating measuring elements 
(thermocouples, etc.) up to 10 to 
50 ma for transmission (up to sev- 
eral miles) to controlling, recording, 
etc., receivers. 

The emf input is opposed by high 
negative feedback from the first am- 
plifier output (Figure 20) to insure 


excellent zero stability, and provide 
high input-impedance for independ- 
ence from leadwire resistance. Cur- 
rent feedback around the isolation 
amplifier provides a regulated d-c out- 
put essentially independent of load or 
transmission-line resistance (up to 
several receivers can be connected 
without altering converter calibra- 


tion). This final amplifier also acts 
as an isolator: there is no feedback 
between it and the input amplifier. 
Thus, grounding either input or either 
output lead does not affect output 
signal. Potential ranges (down to 0-2 


Nuclear Power Reactor Safety System 


Due to the danger inherent in 
nuclear reactions, safety instrument- 


ation must be the most reliable avatla- 
ble. For this reason, in designing 
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Figure 20. Schematic circuit and 
block diagrams show operating 
principles of Foxboro magnetic- 
amplifier emf transmitter. 


mv) and reference-junction compen- 
sation are provided by the precision 
Zener diode voltage regulator. 

This four-stage M-A meets these 
specification: 0.05% overall linearity; 
0.1% zero and span stability with time 
and temperature (10 mv span); fre- 
quency response essentially flat to 4 
cps, and useful response to 10 cps; 
stabilized voltage gain 3000 (10 mv 
span); stabilized power gain 75 db. 
Through its design, emphasis has 
been placed on reliability; all com- 
ponents were selected and employed 
for maximum life-expectancy. 


safety systems for power reactors, 
Bailey Meter Co. has selected magnetic 
amplifiers instead of electronic de- 
vices. 

Four primary-coolant loops transfer 
reactor heat to steam generators 
(Figure 21). The safety system actu- 
ates a “scram” circuit if pressures or 
temperatures in these loops vary above 
or below preset valves. For example: 
If coolant pressure is higher or 
lower than preset trip levels, output 
of the respective magnetic amplifier 
(Figure 22) drops to zero, notifying 
the coincidence amplifier of mal- 
function. If any two loops malfunction, 
this coincidence amplifier energizes 
the scram circuits and shuts down the 
reactor. The same sequence occurs 
for off-normal temperatures. Coin- 
cidence can be adjusted to 2 out of 
3, or 1 out of 2 malfunctions, when 
all four loops are not used. 

Bailey here uses full-wave self- 
saturated magnetic amplifiers in 
logic and coincidence functions, so 
employed that circuits will always 
fail safe. 





Figure 23. Roll and yaw portions of the Mace missile all-mag- 
netic-amplifier autopilot. Insert shows the complete M-A package. 


Missile Autopilot 


For Uncle Sam's new missiles, only 
the very best will do. So, for the 
Mace missile, only an all-magnetic-am- 
plifier autopilot system could provide 
the ruggedness, miniaturization, low 
circuit-noise and extreme stability re- 
quired. The system, by Hallamore 
Electronics Co., is one of the first to 
provide accuracy to better than one 
part in 1000 using only magnetic am- 
plifiers. It is a splendid example of 


the more complex and advanced mag- 
netic-amplifier instrumentation now 
being designed. 

A portion of the autopilot circuit 
is shown in Figure 23. Other circuits 
handle pitch instrumentation. All 
fundamental operations are achieved 
with electromagnetic techniques 
phase detection, demodulation, ampli- 
fication, signal mixing, limiting, and 
servo drive. 

Pitch, roll, and yaw signals are gen- 
erated by gyros directly from the op- 


Glass-Fiber-Drawing Temperature Control 


One of the toughest industrial con- 
trol assignments we've heard of re- 
cently was brilliantly discharged by 
magnetic-amplifier instrumentation. 
Control was required to: 1. hold tem- 
perature of the glass-drawing bushing 
within +14° at 2200° F; 2. return 
temperature to control point in 15 sec- 
onds after a 15° F set-point change! 

In this Pittsburgh Plate Glass Com- 
pany process, yarn is produced by 
drawing molten glass, at over 180 
miles per hour speed, through elec- 
trically- heated platinum _ bushings. 
Such close control is necessary because 
yards per pound of glass fiber vary 
1% per degree temperature change. 

The d-c current output of the high- 
gain amplifier (Figure 24) is propor- 
tional to the difference between set- 
point voltage and millivoltage of the 


Figure 24. This all-magnetic-ampli- 
fier control system, by Hagan Chem- 
icals & Controls, Inc. holds glass 
bushing temperatures to +%4° in 
2200°F! 


thermocouple (welded to the bush- 
ing). This output is converted to a 
voltage in a resistor network, and be- 
comes the input to three operating 
areas which individually “ contribute 
either proportional, integral (reset ) 
or derivative (rate) control response. 
These three outputs are combined in 
a summing amplifier, and fed to the 
saturable-reactor control winding. 


erational attitude of the missile. Ad- 
ditional inputs are the lateral error 
signal, and the follow-up signal de- 
rived from minor-loop servo controls. 
Other signals are determined by the 
programed course which the missile 
is to follow. By automatically switch- 
ing in different networks as flight 
progresses, this autopilot provides ex- 
treme stability-control during launch, 
on-course guidance during flight, and 
overcomes such disturbances as wind 
gusts during approach to target. 


The control limiter applies bucking 
current to an auxiliary control wind- 
ing, thereby holding bushing current 
to safe limits, whenever load current 
exceeds adjustable set limits. Manual 
control is by a potentiometer feeding 
another control winding on the sum- 
ming reactor, showing how easily mag- 
netic amplifiers can meet many stand- 
ard requirements of industrial control. 
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Sintering Temperature magnetic amplifier instrumentation 
because of its reliability and low up- 

For the critical control of sintering keep. Control was difficult because: 
heavy-duty electrical contacts in a pure 1. loading and unloading changed 
hydrogen atmosphere, a Midwestern furnace temperatures fast, and by 
plant selected Leeds and Northrup varying amounts; 2. different-type 


Nuclear Reactor Pressure Control 
For the extremely-critical primary Shippingport nuclear power station, 
coolant-loop pressure control at the magnetic amplifiers were selected for 
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Figure 26. Schematic circuit of the Norwood magnetic servoamplifier. 
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Figure 25. Two-zone sintering furnace 
is controlled with no moving parts by 
magnetic amplifiers, eliminating con- 
tactor maintenance. 


contacts required changed tempera- 
tures, yet overshoots must be avoided; 
3. frequent operation of power-re- 
lays caused excessive maintenance. 

Thermocouple temperature is com- 
pared to set point by indicating-re- 
cording potentiometers (Figure 25). 
The 0-to-5 ma output of the current- 
adjusting type (C.A.T.) control is 
amplified in the Ist stage “SSR” mag- 
netic amplifier to 80 v dc, 125 watts 
—sufficient to drive the saturable re- 
actor which controls the 25  kva, 
220v power to the furnace. 

The current limiter, a current trans- 
former with rectified output, is con- 
nected to a second control winding of 
the Ist stage, illustrating a neat ex- 
ploitation of M-A circuitry. Should 
furnace heating current reach preset 
levels, this current limiting signal 
opposes that from the control instru- 
ment to limit furnace input to safe 
values. 


their extreme reliability and stability. 
The ElectroSyn system, by Norwood 
Controls Unit of Detroit Controls, is 
typical of the new magnetic-amplifier 
industrial instrumentation. 


Mechanical motion of the pressure 
(temperature or flow) measuring 
element is converted into an a-c volt- 
age by a rotary differential trans- 
former. This a-c signal is compared 
to that from a second (feedback) dif- 
ferential transformer connected to a 
servomotor-driven indicating pointer 
in a remotely-located receiver. Any 
voltage difference is amplified by a 
magnetic amplifier, whose output re- 
positions the servomotor to null bal- 
ance. 

The amplifier (Figure 26) is a 
one-cycle-per-second, half-wave, _ bal- 
anced, 3-stage type, each stage con- 
sisting of two cores, two rectifiers and 
a dual output. Bias to both cores is 
adjusted so that, with zero input, each 
is reset to the center of the hysteresis 
loop. During forward cycle, then, 
dual’ outputs are equal, so substract 
to yield zero output. An input cur- 
rent increases reset on one core and 
decreases it on the other. Thus, dual 
outputs have a net difference which is 
realized as output power. 





215 million population by 1970 with a $700 billion econo- 


my will demand nearly $20 billion worth of instrumentation. 


Instrumentation in the Soaring ‘60’s 


DESPITE LINGERING damage 
from the steel strike, the hazards of 
a potential rail strike, and the inroads 
of stepped-up foreign competition, the 
1960 decade is destined to be the most 
fabulous in US. history. The Gross 
National Product should reach $500 
billion before June, 1960. By 1970 
the Census experts predict a populat- 
ion of 215 million — 36 million more 
than today. The population between 
ages 19 and 25 will increase 45% 
during the 60's. That's a lot of tooth- 
paste, baby food, automobiles, houses, 
vitamins, paint, bug spray, gasoline, 
sports coats, nuclear reactors, missiles, 
and a half-million other items that 
must be made and consumed. 

Instruments will be behind every 
item — from research with a chroma- 
tograph for evaluation of a brand new 
chemical, to a computer for inventory 
control at point-of-sale. Invention — 
the fertilization and flowering of re- 
search and development — will be a 
major thrust in the economy. The out- 
pouring of ideas, products and bene- 
fits to mankind will astound the most 
Optimistic prognosticator. 

The next decade could well place 
the United States on the threshold of 
the golden age of the history of man. 
The basic reason for this rosy eco- 
.Momic picture is more people with 
more money to spend. 


World Trade Boom 


“Rapid changes in the standard of 
living of mass millions of population 
throughout the free world are build- 
ing new pressure and opportunities 
for expansion of trade and travel.” 
proclaims Arno H. Johnson, Senior 
Economist for J. Walter Thompson 
Company.! 


"‘1Based on “World Trade Boom Ahead” b 
Arno H. Johnson, Commerce, Sept. 1959, 


5 


page 2. 


A measure of the probable velocity 
of this expansion in world trade can 


be shown by projecting, as an example, 


the opportunity for growth in the 
total market for consumer goods and 
services in Western Europe and in 
the United States by 1969. 

Figure 1 shows the projection by 
Mr. Johnson of the standard of living 
possibility in Western European nat- 
ions by 1969-70, By this time the 
total production of goods and services 
in Western Europe (Organization for 
European Economic Cooperation ) 
should grow to over $450 billion — 
in terms of U. S. dollars, at February, 
1959 prices and exchange rates. This 
compares with a level of about $190 
billion in 1950, in terms of 1959 


prices. The total market for consumer 
goods and services in the next ten 
years should grow to over $300 billion 
compared with a present level of $185 
billion. This is a 62% increase, far 
more rapid than the expected U. S. 
increase (51%), but from a lower 
base. Private investment in plant, 
equipment and construction is ex- 
pected to jump from $60 billion an- 
nually to $90 billion in the next 10 
years. 

This velocity of growth in Western 
European economy should have two 
very important effects on U. S. instru- 
mentation. By the application of more 
instrumentation in U. S. manufactur- 
ing and processing, productivity should 
go up and unit prices should go down, 
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Figure 1. Predicted standard of living for Western Europe, ten years 
from now, shows a potential of $115 billion, or 62% increase by 1969. 
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Figure 2. Opportunities for a higher living standard in the U.S. are 
shown by these projections. They show 51% increase in total personal 


consumption and 130% increase 


to put U. S. exports in a better com- 
petitive position in European markets. 
Secondly, U. S. instrument makers 
should be able to increase their ex- 
ports, because the market will pro- 
bably expand faster than European 
capabilities. The investment of U. S 
dollars in European instrument manu- 
facturing facilities is expected to soar. 

There is ample evidence to support 
the fact that the growth of U. S. world 
trade has paralleled closely the rise 
in our own standard of living. Instru- 
mentation and control equipment is an 
integral, important part of this econo- 
my and living standard. 


U. S. Productive Ability — 
$700 Billion 

In the next decade, productive abi- 
lity of the United States should ex- 
ceed $700 billion. To support this Jevel 
of production will require a 51% ex- 
pansion in the consumer market in the 
U. S. This means an increase from 
$288 billion to $435 billion by 1969, 
as Figure 2 shows. These are conser- 
allowing for only 


vative figures, 
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in private investment. 


1.7% per year population increase, 
and 2.0% gain per year in per capita 
productivity. Some sources predict 
$707 billion in 1967, and $750 bil- 
lion by 1970. 


The standard of living in the U. S. 
in 1958 (measured by personal ex- 
penditures) was over four times the 
1930 level. In the same period U. S. 
exports grew 4-14 times and imports 
grew over 4 times. 


Capital Spending Starts Up 


Despite the depressing effects of 
the steel strike and the uncertainty of 
labor-management relations in early 
1960, capital spending by U. S. indus- 
try should show a sharp upturn of 
approximately $1 billion in the first 
quarter, at an annual rate of about 
$35 billion. This is $1 billion over 
1959 — but down from the $37 billion 
rate predicted several months ago. 
Even in the face of the recent cutback 
in planned capital outlay for early 
next year, Government economists are 
optimistic that 1960 expenditures will 


exceed the record high $38 billion 
spent in 1957. 

The following industrial capital 
expense estimates for 1960 are typical 
of the expanding industrial activity 
and the increased potential for instru- 
mentation. 


Expenditures for Chemicals Up 


Experts in the field predict that 
the chemical and allied products indus- 
try will grow at about 6% - 7% per 
year during the 60's. In terms of the 
Federal Reserve Board Index this is 
400 by 1970. It was 100 in 1947, 210 
now, and expected to be 225 in 1960. 
Paul Mayfield, V. P. of Hercules Powd- 
er, says that plastics will experience 
the greatest expansion, providing 
brand new materials for residential 
construction, missiles, office equip- 
ment, electronics, and transportation 
equipment. 

Allen B. Clow, V. P. of American 
Cyanamid, predicts that the pharma- 
ceutical industry will continue to pro- 
duce new drugs at the rate of one a 
day, with the intention of making an 
old item obsolete. The organic chemi- 
cal industry will have to grow as much 
in the next five years as it has in its 
entire lifetime, so says John A. Field, 
V. P. of Union Carbide Chemicals. 

The American Chemical Society 
publication, Chemical and Engineer- 
ing News, predicts that chemical in- 
dustry sales for 1959 will reach a 
new high of $25.5 billion. 

The chemical and allied industries 
are expecting to extend capital spend- 
ing in 1960 by 24% above this year's 
level — to $1,473 million, according 
to a recent issue of Chemical Week. 
On the basis of 15% for instruments, 
the instrument potential for 1960 is 
$220 million in the chemical industry. 
Now chemical management is plan- 
ning over $1,500 million capital 


spending for 1961. 


Fastest Growing Industries 


Three industries plan for exten- 
sive growth and capital expenditure 
in 1960 — pulp and paper, rubber, and 
stone, glass and clay. The paper in- 
dustry expects to spend over $800 
million in 1960. At 3% for instru- 
ments this means a $24 million mar- 
ket. Makers of stone, glass and clay 
products have been boosting their 
planned expenditures during most of 
1959 and for 1960 they plan for about 
$600 million. Instruments should take 





about $18 million. Rubber manufact- 
urers are planning for the biggest jump 
in capital expenditures of any process 
industry. They now are up to about 
$230 million for 1960, with instru- 
ments to take $7 million. 
Petroleum 

According to a recent issue of 
Petroleum Week the petroleum indus- 
try expects to spend about $754 mil- 
lion for processing facilities in 1960, 
and $814 million in 1961. The lion’s 
share will be for new and modernized 
units in existing plants, rather than 
for a significant increase in capacity. 
Taking 12% as the part going for 
instrumentation, this predicts a $90- 
$97 million market for instrument 
manufacturers in the processing seg- 
ment of the petroleum industry in ‘60 
and '61. The key to spending will be 
cutting costs, with major emphasis on 
improvement of processes and equip- 
ment. 
Electric and Gas Utilities 

The power industry expects to dou- 
ble its output in the next ten years. 
All utilities expect to spend $6 bil- 
lion in 1960 for plant and equipment. 
With instruments representing approx- 
imately 312% of this figure, the in- 
strument industry can expect a $200 
million market in this industry. 
Metals 

Nonferrous metals capital spending 
is down. From nearly $1 billion spent 
in 1957, they now plan to spend only 
$350 million in ‘60. This means slight- 
ly more than $10 million for instru- 
ments and controls. 

Iron and steel spending depends on 
a contract settlement. If there is no 
strike, they expect to lay out about 
$1,500 million. This means approxi- 
mately $38 million for instruments 
and controls. 
Food and Textile 

The food and beverage industry 
expects to spend $880 million in 1960 
for which $17 for 
instruments. The textile industry has 
jumped their 1960 spending to about 
$500 million. Instrument manufact- 
urers should look for about $10 mill- 
ion sales in this industry. 
Nuclear 

The Atomic Energy Commission has 
a budget of $2.5 billion for fiscal 
1960. Of this total, $568 million goes 
for special nuclear materials, $495 
million goes for weapons, and $407.4 
million goes for reactor development. 
Civilian power reactors get a giant 
share with $109.7 million. A rough 
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Figure 3. Annual rates of capital spending by all U.S. industry com- 
pared with production of scientific and process instrumentation. It is 
significant to note that instrument output has made a steady climb 


despite the $6 billion fluctuation 


in capital spending. Statistics are 


based on Department of Commerce reports. Data for 1959, 1960, and 


1961 are unofficial estimates. 


estimate is $20 million for instruments 
and control equipment 

Figure 3 presents a very interesting 
comparison of capital spending by all 
U. S. industries and the total value of 
scientific and process instrumentation 
An explanation of the specific pro- 
ducts which constitute these instru- 
mentation figures is given on page 76. 
These figures do not include computers 
valves, certain pumps, 
communications equipment or indus- 
trial photographic equipment. It is 
estimated these and other instrument 
items would increase the 1960 figure 


electronics, 


to roughly $7.8 billion. It is important 
to note that instrument output 
made a steady climb despite the $6 bil- 
lion fluctuation in capital spending. If 
the $41 billion government military 
budget is added to the $38 billion in- 
dustrial estimate for 1960, the U. S 
can expect $79 billion spending in 
1960. Consumer spending is additional. 
Of this $79 billion, about $7.9 billion 
should be spent for instruments and 
related equipment, using 10% as a 
rough indicator. 


has 


Government $140 Billion 

The year 1960 will probably be the 
last year in which federal spending 
will be less than $100 billion. Present 
estimates show that the total cash our- 
lay by federal, state and local govern- 
ments will be over $140 billion in 
1960. This is about 30% of the gross 
national product of $500 billion ex- 
pected for mid-'60. The federal budget 
for the calendar year 60 is set for 
about $80 billion. 

Military spending will amount to 
more than $41 billion. Of interest to 
instrument makers is the expected ex- 
penditure of $1 billion for electronic 
equipment and $3 billion for research 
and development. Aircraft production 
is cut and missile procurement will be 
The National Aeronautics 
and Space Administration, in taking 


increased 


over more defense activities, should 
spend at least $100 million more than 
they did last year. 


Research 


One industry leader says that out 
of the $12 billion current research and 
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pany in a number or afferent classes. 
The Scientific, Motion Picture and 
Photographic Products Division of 
the Department of Commerce, Busi- 
ness and Defense Services Adminis- 
tration is making excellent progress in 
designing a more logical system for 
developing accurate statistics of instru- 
ment production. Louis Edelman of 
this Division has estimated the total 
value of Scientific and Process Instru- 
ments as follows (see Figure 3): 


TABLE | 


Value of Production — Millions of Dollars* 


1957 1956 1955 
951.041 684.141 581.516 
82.078 76.016 66.980 
116.715 114.749 102.811 
560.569 484.251 398.868 
519.760 551.734 503.936 
51, Specialty transformers 182.262 165.558 128.969 
, Industrial electrical control equipment 541.749 522.270 364.859 
, Cathode tubes (excluding TV) 6.905 10.339 14.484 
Scientific instruments 699.601 611.164 526.776 
Mechanical measuring instruments 1,146.356 , 106.704 1,004.318 
Optical instruments and lens 143.717 134.647 128.973 
Totals $4,950.753 $4,461.573 $3,822.490 $3,514.888 


Following SIC groups are not included since it is not possible to extract specific figures on 
equipment considered to be industrial instrumentation: SIC 3561, pumps; SIC 3567, industrial 
furnaces and ovens; SIC 3662, electronic tubes; SIC 36691, communications; SIC 3861, photo- 





Standard Industrial Classification 
3571, Computing and related machines 
3576, Scales and balances 
13, Valves and fittings, except plumbers 
Electrical measuring instruments 
Fractional horsepower motors 





graphic equipment; SIC 3871 watches and clocks. ; 
*From Department of Commerce, Annual Census of Manufacturers 1957. 








Table I. Value of production of instruments and related products by 
U.S. industry for periods 1954, 1955, 1956 and 1957. These figures show 
a growth of 10% from 1955 through 1957 compared to the national 
industrial average growth of about 3%. 


development expenditure, only about 
$1 billion goes for basic research. 
This is approximately 2/10 of one 
per cent of the present $480 billion 
national economy. There are many 
voices for more basic research, aimed 
at broadening our knowledge in all 
the physical and other pertinent scien- 
ces through government support. They 
say we must find some way to release 
the great scientific capacities in indus- 
try for more basic research. While the 
U. S. has moved forward at tremend- 
ous speed in industrialization, it has 
not moved forward at an adequate 
rate in basic science. 

From sampling of industrial plans 
for research expenditures in 1960, it 
is evident that more and more indus- 
trial firms are plowing back increas- 
ingly higher proportions of income for 
research and development. Westing- 
house plans $190 million in 1960 for 
this activity, including doubling the 
size of their Research Center near 
Pittsburgh. 

The chemical industry will spend 
more than $600 million in 1960 for 
research. The Atomic Energy Com- 
mission has upped funds for physical 
research by 279% ot $153 million. 
Total government research and de- 
velopment will exceed $3 billion. 

For the instrument profession this 
increase for research has three signi- 
ficant points. First, it means that 
measurement and control will be 
accorded increased recognition in both 
the laboratory and the plant. Second, 
it means increased markets for the 
instrument manufacturer. Thirdly, it 
means sizeable increases in manpower 
to design, build, install and maintain 
measurement equipment needed for 
research and development. 
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$20 Billion for Computers in 60’s 


Electronic computers will be the 
most talked about industrial product 
in this new decade. They will command 
large expenditures, they will perform 
fantastic jobs, they will demand train- 
ed manpower, and they will complete- 
ly change the thinking of the business 
and industrial world. The magazine 
Computers and Automation reports in 
their September 1959 issue that the 
U. S. and Canadian markets will spend 
between $5 and $9 billion for com- 
puters and services in the next five 
years. These figures of $1 co $2 bill- 
ion per year are realistic considering 
that dollars for computers jumped 
from $501 million in 1954 to $951 
million in 1957, according to Depart- 
ment of Commerce reports. 


How Big Is The Instrument 
Market? 

The answer depends on the kinds of 
industrial and scientific equipment you 
call instruments. One of the major 
problems in determining the total val- 
ue of instruments manufactured and 
sold each year is the lack of clearly 
defined areas for instrument equip- 
ment in the Department of Commerce 
Standard Industrial Classification, 
which is used by the Bureau of Census 
to tally industrial output by kinds of 
products. The problem of establishing 
specific classifications is complicated 
by the fact that there are literally 
thousands of different instruments 
which are manufactured by many firms 
engaged in making products other 
than instruments. Further, instrument 
makers produce a great variety of 
devices, which presents problems in 
classifying by principle of operation, 
and thus spreads products of one com- 


$3.25 billion for 1958 

$3.9 billion for 1959 

$4.5 billion for 1960 
These figures are made up of statis- 
tics based on product descriptions 
specified by the following new Stand- 
ard Classifications 3611, 3622, 3811, 
3821, 3822, and 3831. These classifi- 
cations are described as follows: 


SIC 3611 Electric measuring instruments 
and test equipment. Establishments pri- 
marily engaged in manufacturing pocket, 
portable, panelboard, and graphic re- 
cording instruments for measuring elec- 
tricity, such as volt-meters, ammeters, 
watt meters, watthour meters, demand 
meters, and other meters and indicating 
instruments. This industry also includes 
establishments primarily engaged in manu- 
facturing analyzers for testing the elec- 
trical characteristics of internal combus- 
tion engines, radio apparatus, etc. 


SIC 3622 Industrial Controls... Establish- 
ments primarily engaged in manufactur- 
ing motor starters and controllers, con- 
trol accessories, electronic controls, and 
other industrial controls. Establishments 
primarily engaged in manufacturing auto- 
matic temperature controls are classified 
in Industry 3822. 


SIC 3811 Engineering, laboratory, and 
scientific and research instruments and 
associated equipment. Establishments 
primarily engaged in manufacturing 
laboratory, scientific, and engineering in- 
struments such as nautical, navigational, 
aeronautical, surveying, drafting, and 
instruments for laboratory work and 
scientific research (except optical instru- 
ments — Industry 3831). Establishments 
primarily engaged in manufacturing sur- 
gical and medical instruments are classi- 
fied in Industry 3841; dental instruments 
and equipment in Industry 3843; mechani- 
cal measuring and controlling instruments 
i Industry 3821; machinists’ precision mea- 
suring tools in Industry 3545; instruments 
for indicating, measuring, and recording 
electrical quantities and characteristics in 
Industry 3611; watches and clocks in In- 
dustry 3871; ad measuring and dispensing 
pumps in Industry 3586. 


SIC 3821 Mechanical measuring and con- 
trolling instruments, except automatic 
temperature controls. Establishments pri- 
marily engaged in manufacturing indus- 
trial process instruments, for indicating, 
recording, measuring and_ controlling 
temperature (except automatic tempera- 
ture controls — Industry 3822), pressure 
and vacuum, fluid flow and liquid level, 
mechanical motion, rotation, humidity, 
density, acidity, alkalinity, and combus- 
tion; dial pressure gauges; physical prop- 
erty testing apparatus such as hardness, 
tension, compression, torsion, ductility, 
and elasticity testing apparatus. 


SIC 3822 Automatic temperature controls 
Establishments primarily engaged _ in 
manufacturing automatic ‘' temperature 
controls activated by pressure, tempera- 
ture, level, flow, time, or humidity (in- 
cluding pneumatic controls) of the type 
principally used as components of air 
conditioning, refrigeration, and comfort 
heating, or as components of household 
appliances. Establishment aterm ge A en- 
gaged in manufacturing industrial electric 
controls are classified in Industry 3622. 

SIC 3831 Optical instruments and lenses. 
Establishments primarily engaged in the 
production of optical lenses and prisms, 
and in manufacturing optical instruments 
such as microscopes, telescopes, field and 





opera glasses; and optical measuring ana 
testing instruments such as refractometers, 
spectrometers, spectroscopes, colorimeters, 
polariscopes. Establishments primarily en- 
gaged in manufacturing eyeglass lenses, 
frames, or fittings are classified in In- 
dustry 3851; and those engaged in manu- 
facturing sighting and fire control instru- 
ments, but not engaged in manufacturing 
optical components, in Industry 1941 


While these six SIC classifications 
do not exactly ecompass the entire 
market of industrial instrumentation 
they cover a sufficiently major por- 
tion to be indicative. It is recognized 
that such equipment as computers, 
pumps, valves, scales, small motors, 
specialty electronic equipment, timing 
communication equipment, 
equip- 


devices, 
and industrial 
ment are not included. Table I shows 
the extent of instrumentation pro- 
duction if some of these elements are 
included. These figures show a growth 
of 10° from 1955 thru 1957 com- 
pared to the national industrial aver- 


photographic 


age growth of about 3%. 


Exports vs. Imports 


At the same time U. S. consumption 
of instruments looks very rosy, the 
export business presents a less opti- 
mistic picture. Figure 4 shows the 
volume of imports and exports of sci- 
entific and industrial instruments from 
1954 through 1959 plus a ratio of ex- 
ports/imports for the same period 
While this ratio is dropping, there is 
not too much fear from foreign compe- 
tition for 1960. While overall U. S. 
exports fell 14% from 1957 to 1958, 
instrument exports dropped only 4° 
in the same period. The current ratio 
of exports/imports for instruments is 
about 10/1, with the outlook that ex- 
ports will increase 6 or 7 times more 
than the increase in imports. This is a 
very favorable sign for 1960. 

Department of Commerce statistics 
indicate that the instrument industry 
gains far more by foreign trade than it 
loses. The concern for industry sales 
loses because of imports is founded on 
a few isolated cases where sudden in- 
creases have created serious problems 
for a few companies and cut regional 
sales of domestic goods. 

Based on predictions of doubling 
of. world population in 40 years, the 
U. S. can count on several billion 
dollars of potential annual export 
sales. We now export 1/6 of coral 
world exports. However, being realistic 
the U. S. has no monoply on science, 
technology or production. With the 
potential available to all, foreign 
competition will become increasingly 
tougher. 
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Figure 4. Comparison of U.S. instrument exports to, and imports from 
Japan and ten Western European nations.' While the export/import 
ratio for instruments is dropping, the current outlook indicates that 
instruments for export will increase 6 or 7 times greater than the 


increase in imports. 


Data from an address by Walter A. Edwards 


Deputy Assistant Secretary of Commcrce before 


October 27 meeting of Industrial Instrument Section, SAMA 


Manpower Will Be A Problem 


If management thinks they have a 
problem now in locating and training 
technicians and employing qualified 
engineers — the worst is yet to come 
There is certain to be an increasing 
demand for qualified personnel. 

Typical of the needs for highly 
trained personnel is the survey re- 
cently completed by the Pennsylvania 
State University." More than 600 
firms which use digital computers were 
asked the following three questions as 
a means of determining how much 
engineers should know about compu- 
ters: 

(1) What is the nature of your pres- 
ent or contemplated computing facili- 
ties if any? 

(2) What is your present demand for 
graduates in a specific curriculum 
possessing various levels of computer 
knowledge and experience? 

(3) By what factor would you multi- 
ply your figures to obtain your com- 
puter usage and demand for compu- 
ter-trained employees in 1970? 

A total of 325 replies were received, 
or 54% of the 600 polled. In the re- 
porting companies 388 computers are 
installed and 101 machines are con- 
templated or are being installed. Ap- 
proximately 70% of the reporting 
firms have computer facilicies. In first 
position was IBM 650 wi-h 118 com- 
puters out of 388 reported. 

These 325 reporcing firms listed 27 

*"The Demand for College Training in 

Digital Computers’, by Frank R. Hartman 


Penna State University Compurers and 
Automation, Nov. 1959, Page 11-14 


curriculums that should have computer 
training. The top seven courses are 
in order of mention: Mathematics 
159, Accounting 127, Electrical Engi- 
neering 111, Business Administration 
73. Mechanical Engineering 72, 
Chemical Engineering 63, Physics 60. 
Answers to questions on curriculum 
show that companies with computer 
facilities expect all levels of engineer- 
ing to have computer training, al- 
though chemical engineers should 
have a high proficiency. 

These 325 reporting companies in- 
dicated they hired 447 individuals for 
work with computers during 1958. Of 
this group, 179 were electrical engi- 
neers with experience in engineering 
problems associated with computers. 
These companies also report that they 
had 1,031 jobs not filled, or filled 
with inadequately trained and inex- 
perienced personnel. The biggest de- 
mand is for graduates in accounting 
electrical engineering, and mathemat- 
ics with knowledge of preparing prob- 
lems, knowledge of computer capa- 
bilities, and ability to interpret com- 
puter outputs. 

For the year 1970, these 325 users 
of computers estimate they will need 
almost 4 times as many computer-wise 
graduates as they now have jobs for. 
This means almost 4,000 vacancies in 
1970 in 325 companies — 12 posi- 
tions in each company, with 2 of these 
for electrical engineers. Multiply this 
factor of 12 by several thousand firms 
and we see a great need to provide 
computer instruction in practically afl 
engineering and business curriculums. 
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Perfect Exposures — 


AUTOMATICALLY! 


by L. W. EISENER, Engineer 
Instrument Department 
The General Electric Company 


West Lynn, Massachusetts 


THE RECENT TREND in con- 
sumer product design has been opera- 
tional simplicity. In cameras, this trend 
has progressed until it is now possible 
for even a beginner to get correct ex- 
posures merely by aiming his camera 
and pressing a button. The vital ele- 
ment in these automatic exposure-con- 
trol systems is an exposure meter in- 
ternally mounted in the camera. This 
article discusses four of the basic sys- 
tems used for automatic exposure con- 
trol; the first three are operated by 
Genera] Electric control mechanisms. 

The conventional exposure meter 
can be divided into two functional 
elements: 1. a primary detector—a 
photocell; 2. an end device—the meter 
and its graduated scale. However, in 
an automatic exposure controller the 
meter no longer is the end device: it 
is only an intermediate means for set- 
ting the aperture-opening (or shutter- 
speed) exposure-control mechanism. 

As with conventional meters, this 
automatic system must provide f-stop 
opening (or shutter speed) in accord- 
ance with American Standards Associ- 
ation calibration, as determined by this 
equation: 


Where: A = f-stop number 
B = brightness or intensity of 
reflected light in candles 
per square foot 
shutter time in seconds 
constant of value be- 
tween | and 1.35 
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Temperature compensation must be 
provided for control systems that are 
temperature sensitive, usually those 
where the photocell is heavily loaded. 

Adjustments for differing film 
speeds can be effected in the primary 
detector, intermediate means, or end 
device. Methods used include masking 
varying portions of the photocell, 
placing filters over the cell, rotating 
the meter scale to different zero posi- 
tions, or insertion of meter-shunting 
resistors. 


THE FOUR BASIC SYSTEMS 


Direct-Drive Exposure Control 

In the direct-drive mechanism, part 
of the meter moving-system directly 
drives the camera-lens opening system 
to give correct aperture (Figure 1). 
Photocell output drives the control 
meter until its torque is counter-bal- 
anced by the control meter restraining 
springs. The meter gear engages two 
other gear segments called iris blades. 
Each of these blades has an accurately 
designed “tear-drop” slot, which, by 
its rotational position, determines a 
calibrated f-stop opening. Each blade 
rotates on pivots and jewels to mini- 
mize friction. 

The linear-type mechanism used 
produces high torque and necessary 
damping characteristics. A _ resistor 
loads the photocell to obtain satisfac- 
tory distribution for the tear-drop con- 
figurations in the blades. The tempera- 
ture compensation demanded by the 
heavy loading of the photocell is 
achieved by a thermistor. 

Film-speed compensation is accom- 
plished by positioning a shade over a 
portion of the photocell. A scale, at- 
tached to the moving system and op- 
tically reflected in the viewfinder, 
provides a constant visual indication of 
f-stop setting. Manual override is done 
by external rotation of the iris blades 


and meter movement until the desired 
reading is seen in the viewfinder. 


Scissors-System 
Exposure Control 

When the film-release button is not 
depressed for operation, the “scissors” 
mechanism (Figure 2) is in its open 
position and the pointer is free to 
travel. Pointer motion is determined 
by the amount of light falling on the 
photocell. Pushing the film-release 
button automatically closes the scissors 
on the pointer-arm extension riding 
in the scissors track. The pointer rest 
position determines the aperture open- 
ing. Releasing the film-release button 
again permits the pointer to find a 
new position if the light value has 
changed. If there is too little or too 
much light for proper exposure, the 
pointer will float in the cutaway either 
at the low or high end of the scissors 
track. In either position, the shutter 
is locked and exposure is prevented. 
In this system, a log-type mechanism 
is adequate for distribution and damp- 
ing requirements. 

Film-speed changes are made by po- 
sitioning a shade over an indexed 
portion of the photocell baffle. A 
pointer extension visually indicates 
the f-stop setting on a scale. The aper- 
ture is manually controlled by operat- 
ing an external lever which moves a 
pin in the scissors track ahead of the 
pointer extension. Thus, the pin, and 
not the pointer, controls the aperture. 
On automatic operation, this pin rests 
in the upper cutaway, exerting no in- 
fluence on automatic control. 


Manually-Driven 
Semi-Automatic Control 

In this system (Figure 3), the ex- 
posure meter is mechanically coupled 
to the aperture disk. Here, the ex- 
posure-meter pointer always is visible 
to the photographer in the camera 
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viewfinder. As light falls on the photo- 
cell, the pointer deflects toward the 1% 
high or low end of the viewfinder. By 
manually rotating the base of the me- 
ter mechanism, the pointer is rotated WY KY 
to a reference position between two ( )) 
horizontal reticules. As the meter is 7-Os 
rotated, the aperture disk also is turned ’ 
to its correct value. A log-type mech- 
anism provides the distribution and 
damping requirements for this system. ; Stal P 
Film-speed compensation is provid- abe 

ed by rotating the film-speed knob to P ra 
bring the ter to a new “Start” or ALN? by Dead Ww 
reference position. External indication OND) Ka) / } 
of the f-stop setting is determined by Vat : 
the markings opposite the index on 
the f-stop knob. Manual control is 
accomplished by setting this knob to 
any desired “f” value. 


+++ 


yy 





Pneumatic POINTER 
Shutter-Speed Control pe anata 
xposure also can be automatically * ti , 
controlled by changing shutter time, ac ameRA eS es *’ 
an approach used in an automatic still ( = 5 om 
camera (Figure 4). Light falling on 
the photocell energizes the meter caus- eH wo? S<0* 
ing the shutter vane to rotate, uncover- POINT rom —3 
ing a series of holes in the top of the : > ee 
bellows. When the _ shutter-release 
mechanism is depressed, a clamping 
arm comes down on the vane to hold 
its position, and the shutter is opened. 
The number of uncovered holes then 
controls the speed at which air enters 
the bellows and the speed at which the eg 
spring-loaded bellows can drop. This ee 
bellows is linked by a release cable to 
the shutter, and so controls the shutter ay . 
speed. After cycle completion, the bel- VY Pieter 
lows is compressed and the shutter 
vane is free to seek a new position A 
series of resistors determines the flow 
of current (meter sensitivity) accord- _ 
ing to the setting of the lens-opening Lo AM SHAFT ) 
mechanism. Film-speed changes are 
made by an adjustable louver which aie .. Lie 
varies the amount of light falling on Bay SY, 
the photocell. 

The above systems include only 
some of the designs now actually in mince 
production. However, the demand for PERATED BY DIAPHRAGM SETTINGS 
simplification and automaticity will 
continue to be met by the introduction m Sig 
of new and ingenious methods to pro- a { 
vide, automatically, correct exposure 3 
with minimum effort and time : 


FILM- SPEE 
x HUTTER 
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PERFORATE 








SHUTTER VANE. 


Four basic automatic exposure-con- 
trol systems. Top to bottom (right) 

‘ a F l li a 7. ONTROL 
are: gure . direct drive; Figure METER : oo 
2, scissors system; Figure 3, semi- z [ menses f > 
automatic control; Figure 4, pneu- We L wl i€ 
matic shutter-speed control. }}/ OKAPHRAGM ) Le 
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Measuring Strip 


Steel without Contact 


by WILLIAM C. GEORGE 


Project Manager 


Instruments and Process Controls 


Designers for Industry 


Cleveland, Ohio 


This new method of measuring 
the length of moving steel strip 
works like a giant magnetic tape 
recorder. Accurately-timed mag- 
netic pulses are placed in the 
moving strip by a record head, 
and read off at a precise distance 
“downstream” by a pickup head. 
The system, now in service on a 
Jones & Laughlin tin-plate line, 
measures to an accuracy of 0.17 
at speeds of 150 to 2400 ft min. 
Developments underway prom- 
ise to increase this range to 24 
to 2400 ft/min. This system was 
developed to overcome the roll 
wear and slippage errors inher- 
ent in tachometer methods. 


How It Works 

AN INITIAL MAGNETIC pulse is 
placed in the moving steel strip by the 
recording transducer (2) (Figure 1). 
This magnetized area, moving past 
the pickup transducer (3) generates 
a voltage pulse, which is clipped and 
shaped (4) (6), and triggers an elec- 
tronic counter (9). Simultaneously, 
this pulse triggers a thyratron (16), 
which places a second magnetic pulse 
in the steel strip. This cycle is re- 
peated as the strip continues in mo- 


tion 
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The distance between record and 
read heads is precisely measured and 
fixed, so as to indicate lineal measure- 
ment in 12-inch increments. Thus, 
each count represents one foot of strip 
passing the record head. 

Three sources of error in this sys- 
tem are: 

1. Time delay — contributed by the 
electric circuit time-constant. 
Signal clipping due to changes 
in signal amplitude caused by dif- 
ferent strip speeds. 

Random noise — from partial 
magnetization of the strip in proc- 
essing. 

These three problems were solved 
as follows: 


Time Delay Error 

The actual space being measured 
along the moving strip is due to 1. 
transducer spacing, and 2. the delay 
factor as influenced by the velocity of 
the strip (Figure 2). 

In passing through the electronic 
system, the initial pulse is delayed for 
time t),, resulting in a strip movement 
of Vr, before the next succeeding 
pulse is applied to the strip. There- 
fore, the actual space being measured 
is the distance between transducers 
plus the added distance due to Vr,: 


The “Electronic Tachometer” in- 
stalled at the Jones & Laughlin tin- 
plate mill, Aliquippa, Pennsylvania. 


where: space actually measured 


(in. ) 

strip velocity in./sec 
delay in seconds 
spacing between heads 


The top of chart (Figure 3) shows 
a series of recorded pulses, and a series 
of six pulses detected and counted at 
a fixed velocity V; with a fixed head- 
spacing D. The second set of pulses 
obrain at velocity 1/2 of V;. The count- 
ing pulses increased to about 7-1/2 
with this fixed head spacing D. The 
third set is for a velocity 1/3 of Vj. 
Counting pulses are increased to ap- 
proximately 8-1/2 for the same fixed 
spacing and the same time delay. 


Experimental Set-Up. An experiment 
was devised to simulate a tin strip 
mill. Magnetic record and read heads 
were so spaced around a flat wheel 
with 48-inch-circumference steel rim, 
as to read out 4 pulses per revolution 
at 2000 ft/min rim speed. 

Figure 4 shows a maximum error of 
approximately 69% at the lowest speed 
recorded. Note that this is a /inear re- 
lation, the error increasing inversely 
as the speed. This is characteristic of 
an uncompensated system, which can 
be used on a line operated at a fixed 
running speed only. Such a system has 
Jittle use in the continuous plating 





process where the line velocity is 
maintained at various running speeds 
determined by the plating requirement 
and other factors leading to uniform- 
ity in tin-plate processing. 


Signal Wave-Form Error 


Figure 5 shows how the second er- 
ror — signal clipping at different 
strip speeds — is a major problem in 
accurate lineal measurement. Step | 
(left column) is the wave form of the 
voltage applied to the recording trans- 
ducer — a very sharply defined pulse 
of fixed amplitude and fixed duration 
No. 2 represents the approximate 
shape of the current through the re- 
cording head, and this obviously will 
be the wave form of the flux as ap- 
plied to the medium. As this wave 
form of magnetization passes the pick- 
up head it will induce a voltage into 
the head, the wave form of which is 
shown in Step 3, attaining a maximum 
value at time ¢ = 0, or at the start of 
the signal voltage in the recording 
head. Step 4 appears in the stage fol- 
lowing and shows that the pulse has 
been delayed and clipped at a fixed 
level. This determines the detection 
point. Assuming no further delay in 
the system, the occurrence of the next 
recording pulse will be delayed by a 
factor At from the time the initial 
pulse (Step 1) had been applied 

The pulse under Step 1 (right col- 
umn, Figure 5) is applied at the same 
time as in the first case. The current 
wave form under heading 2 will be the 
same, therefore, as the wave form of 
flux (left column). Following that, 
voltage across the pickup head will ar- 
rive at a maximum value at the same 
point as before. However, the detec- 
tion point has moved to the left and 
is now in phase with the initial pulse. 
if == @. 

Ir can be seen (Figure 6) that at 
some speed slightly over 1000 feet per 
minute, the pulse succeeding the ini- 
tial pulse is leading. For speeds over 
1000 feet per minute, the succeeding 
pulse lags the initial pulse 

Figure 7 was prepared from data 
read on an oscilloscope. The factor Af 
was read to the nearest 0.1 millisecond 
which accounts in part for the devia- 
tion from linearity on the curve. 


System Synthesis 


Where strip speed varies, system 
compensation must be a time delay 
such that the quantity V¢ remains con- 
stant. If this added delay be equal to 4;, 


+ - t;) (2) 


where: S, D, V, and ¢; are as before, 
and ¢, equals variable delay added. 
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Figure 1. This schematic shows how the lineal measuring system works. 
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Figure 2. Illustration of error produced by electric circuit 
time delay (S = D + Vu, where: D spacing between 
transducers; V strip velocity; tk — circuit delay in secs). 
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Figure 3. Time chart showing pulse recurrence at 
three strip speeds (at a constant electrical time delay). 
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Figure 5. Signal wave-form error. 
(At = +C/V, where C is an arbi- 
trary constant.) 
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This variable delay must be an inverse 
function of speed as it must increase 
as the speed decreases, with the delay 
due to wave-form error also consid- 
ered as: 
4, = fe = A 

total delay required be- 
cause of speed varia- 
tions. 


where: t2 = 


variations in delay caus- 
ed by changes in signal 
amplitude due to speed 
variations. 
Substituting the value of ¢,; in Equa- 
tion (2): 

§—D-+V (t+ fe At) (4) 
Dividing this Equation (4) by V: 
Te=—tatth +t + At 
Again dividing both sides of this 

Equation by T,: 


(5) 


Af 
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The independent variable is veloci- 
ty. Where T, tg and At are dependent 
variables, T;, is a constant determined 
by electric circuit parameters. How- 
ever, the added delay, to, is a variable 
which depends on some function of 
T, ti, and At as: 

fame t(T ta Bt) 
fo 1T AV )tal¥ }AtC¥ )} 
where: § = constant = one foot 
d = constant = spacing be- 
tween heads 
measured function of 
calibration 

Therefore, a time-sensing means 
must be employed in the correction 
mechanism. This servo must sense: 
1. the time of occurrence of the pulse 
on the medium, 2. the time of sensing 
the pulse (detection), and 3. the time 
interval between recurring pulses. 
These time increments then must be 
evaluated logically and the results com- 


pared to a fixed standard. 

If tg + At = ts: 

K- ts Th a oy 
T. 

t;, is very much less than fs, on the 
order of microseconds. So, it can be 
eliminated from (7) resulting in: 
K 37% (8) 

1 
= tg At (detection 
time ) 
to == time delay added 
T, = pulse recurrence time 
(pulse interval ) 

A time addition technique is used 
to satisfy the conditions in Equation 
(8). ; ee 
Theoretical Operation 

Figure 1 shows the original concept 
of this device with the addition of 
Items 5, 10, 11, 12, 13, and 15. The 
readout pulse is clipped and shaped, 


where: T3 - 





and triggers a single-shot multi-vibra- 
tor (6), whose output drives line 
amplifier (8), the output of which 
divides into two signals applied to an 
electronic counter, computer, or coil 
classifier. These are step pulses of less 
than one microsecond rise time and 
about 10 volts amplitude, negative 
going. 

The trigger (6) simultaneously 
drives buffer amplifier (7) which 
feeds into a phantastron delay circuit 
(a variation of the Miller integrator ) 
(11) and simultaneously “flips” a 
bi-stable circuit (pulse adder) (5). 
The pulse continues through the delay 
mechanism and pulses thyratron (16) 
which again drives the recording 
transducer (2). The pulse, at the time 
of application to the recording trans- 
ducer (and steel strip), is applied thru 
a fixed delay (12) and then to the bi- 
stable circuit, causing it to “flop” back 
to its initial state. The trigger, pulse 
adder, thyratron, and fixed delay are 
used to set a time condition unique 
to the occurrence time and recording 
cime of the signal at this unique time 
of sensing. This action is repeated for 
every pulse. Therefore, a chain of 
pulses will be developed by the pulse 
adder and applied to the integrator and 
ratio detector (10). A comparison is 
then made with a fixed reference ped- 
estal. The difference signal is ampli- 
fied (13) and used to control the fir- 
ing time of the phantastron (11), 
thereby controlling the delay of the 
pulse as it goes through this circuit 
(Figure 8) 
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The bi-stable circuit is flipped at 
the detection time of the signal. The 
signal is delayed by the phantastron 
for a time te, then it triggers the thyra- 
tron and the recording transducer, pro- 
viding another magnetized area on the 
steel strip. At this time it is delayed 
by a fixed delay for a short time and 
“flops” the bi-stable circuit on its 
negative excursion. The bi-stable cir- 
cuit remains in its initial state until 
it is again flipped by the detected 
pulse, and the cycle repeats itself. 

The signal is continuously sampled. 
The time the signal is sensed, the time 
it is put on the medium ( with variable 
time dclay added), and the fixed de- 
lay together with the time of occur- 
rence of the next succeeding signal 
make up the composite step pulse 
which is maintained at a defined fixed 
ratio. 

The system is calibrated at some 
predetermined top running speed for 


accurate readout. The d-c control level 
at this speed is noted and compared to 
a fixed d-c reference. 
Therefore, if the ratio: 
te + (fixed delay ) 
Ts 
tq + At — (fixed delay ) 
T; 
then the d-c signal-level of the ratio 
detector will change. This is com- 
pared to the fixed reference, and the 
error signal (amplified by the d-c am- 
plifier) is applied to the phantastron 
for adjustment of pulse delay. 


changes, or 


changes, 
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“Numbers Game” Hit by NSPE President Mosher 


Soviet Russia’s boast that it 
is graduating three times as 
many engineers as the U. S 
should not panic the nation into 
a renewal of the “numbers 
game” — one of the unfortunate 
repercussions of earlier Soviet 
achievement in launching Sput- 
nik I, according to Harold Mos- 
her, president of the National 
Society of Professional Engine- 
ers. 

Recently, Russian Minister of 
Higher Education Vyacheslav P. 
Yelyutin predicted that during 
the next seven years, Russia will 
graduate 2,300,000 engineers. 

“The near hysteria of empha- 
sis on numbers of engineering 


graduates could easily be renew- 
ed if we are not careful in our 
appraisal of the Soviet state- 
ment,” Mosher warned. “It 
would be a disservice to our de- 
fense efforts to play up numbers 
at the sacrifice of the much more 
important emphasis on quality.” 

In taking a position against 
the “numbers game,” Mosher 
said it would be equally disas- 
trous to underrate the quality of 
Russia’s engineers. “Our concern 
should be primarily in surpass- 
ing them on a quality basis,” he 
said, “rather than having our 
progress sidetracked into quan- 
tity competition which can frus- 
trate and delay the excellent 


work of our universities in mak- 
ing our graduates the equal of 
any.” 


Mosher pointed out, “One qual- 
ity engineer can get us to the 
moon faster than a hundred 
quantity engineers.” 
send clips to: 


Mosher added that the primary 
engineering personnel needs are 
at the poles of the engineering 
force — advanced knowledge ac- 
quired through graduate study, 
and engineering and scientific 
technicians to back up and sup- 
port the professional force by re- 
lieving them of the less creative 
and routine aspects of their work. 
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What Does Management Want from 


Maintenance in The Soaring ‘60's 


by C. L. PARISH 
Assistant Director 
of Organic Engineering 
Monsanto Chemical Company 
Saint Louis, Missouri 


All of us believe that far great- 
er potentials for profits exist in 
tomorrow's instrumentation. But 
to realize that potential will re- 
quire answers to some tough 
questions. What will tomorrow's 
instruments include? How will 
they differ from instruments to- 
day? What kind and how many 
maintenancemen will they re- 
quire? What new knowledge and 
skills must these men have? One 
thing is sure: tomorrow's com- 
plex instruments will be almost 
impossible to use, unless we 
change our maintenance systems. 


WHAT DOES TODAY'S 
agement foresee as the personnel re- 
quirements for instrumentation in the 


man- 


next decade? 

Before this question can be re- 
solved, two others must be answered: 
1. On what basis does management 
judge its personnel needs? 2. What 
will tomorrow's instruments be like? 
This discussion will be limited to 
the process industries — specifically, 
to the industrial 
chemicals. 


manufacture of 


Management's 
View of Instrumentation 
Management's function determines 
its attitude toward instrumentation 
and personnel — including instru- 
ment personnel. Management's job in 
the industrial system is the direction 
of total business effort to produce 
some wanted profit pattern — usual- 
ly maximum profit. 
Management does not 
instrumentation in the same way that 
instrument engineers do. Management 


recognize 
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thinks, not of instrumentation as an 
entity, but of a plant more or less 
instrumented. Management sees in- 
strumentation as one alternate way to 
exploit part of its available capital. 
An instrumented operation’ presents 
to management this major problem: 
how to define, and then to fill, the 
personnel needs which enable this 
potential to be developed. 


Instrumentation as of Today 
Several things characterize today's 
instrumentation: 
First: Most instrumentation is environ- 
mental. In simple cases we go beyond 
environment to pick up other mani- 
festations of state — density, hydro- 
gen-ion concentration, oxidation-re- 
duction potential, electrical conductiv- 
ity, etc. We are just crossing the 
threshold of analytical instrumenta- 
tion. 
Second: Most of today’s instrument- 
ation is analog. Digital instrumenta- 
tion is still largely experimental ex- 
cept for simple digital interlocking 
of material-handling equipment. 
Third: Most present instruments are 
pneumatic. Pioneered by the petroleum 
industry, easily-understood and _ safe 
pneumatic equipment has been highly 
developed. Pneumatic equipment has 
further favored the analog develop- 
ment above mentioned. 
Fourth: Today's instrumentation is 
ingle channel. It does only one job. 
True, the equipment is inherently two 
input and one output. But generally, 
only one external input is applied. 
Fifth: Instrumentation today is 
applied to processes rather than made 
part of them. The instrument is not 
considered an integral part of the 
process equipment. 


How Will Tomorrow’s 
Instruments Differ? 

Let us now consider our second 
question above, “What will tomorrow's 
instruments be like?” 


No one can foresee — not even the 
instrument manufacturers are 100% 
sure. But Monsanto, like other proc- 
essing companies, has some ideas on 
which we base our plans for personnel 
tO maintain this new equipment. 

Today's instrumentation is not 
sufficiently rugged and trouble free. 
Where 10 control loops must be 
operating simultaneously, downtime is 
terrific. If 30 loops are involved, it 
is tough to stay on stream at all. And 
30 integrated loops will not be un- 
common with computer control. 

This reliabiliry problem already is 
serious today. We get by because we 
can have operators take over when a 
loop fails. However, management will 
not invest its money for both a manual 
and an automatic plant, and will not 
man a plant for both manual and auto- 
matic operation — except, of course, 
in special cases. Hence, today's con- 
trol must be greatly improved and 
simplified tomorrow. 

At the same time, more complex 
control is needed. We already see 
tremendous need for the much wider 
development of analytical instrument- 
ation. These must be applicable to 
liquid and solid phase chemicals just 
as IR analyzers and vapor-phase chro- 
matographs are now used on gases 
and vapors. 

This analytical instrumentation will 
be used in closed-loop control in 
combination with environmental con- 
trollers. It will require multi-inpur, 
multi-output equipment — analog 
computers — solving more complex 
analog equations. 

Electronic instrumentation, at least 
in data transmission and control com- 
putation, will become more common, 
although we do not expect it to re- 
place pneumatic for many applica- 
tions. 

Where control equations become 
still more complex and inputs and 
outputs still more numerous, we expect 
that digital equipment will replace 
analog. 





What Kind of Servicemen? 


Now, what does this mean in terms 
of personnel needs? Some 20 years 
ago the Monsanto Chemical Com- 
pany, like most other companies in 
the field, operated most of its proc- 
esses under almost completely manual 
control: instrumentation was very 
simple. 

Since that time, instrument manu- 
facturers working closely with instru- 
ment users, have developed more and 
more useful, and at the same time 
more complex, instrumentation. These 
while having greater and 
profit -to-effort potential, 


devices, 
greater 


have demanded greater and greater 
training in the personnel who work 
with them. 

Instrumentation improves our prof- 
its: it pays its own way. Yet we, and 


probably you also, sometimes install 
instrumentation which does not de- 
velop its full potential because it isn’t 
kept working. This points up a need 
for improved maintenance and im- 
proved operational training. 


What Kind of Training? 


Instrument maintenance is a large 
area where Our management sees per- 
sonnel needs. Even today, adequate 
maintenance is hard to come by. 
Tomorrow's instruments, if developed 
upon the same pattern as are to- 
day's, will be almost impossible to 
use unless we change our maintenance 
system. 

The problem really requires a three 
fold solution. First, the equipment 
must be designed unit for unit, to re- 
quire much less maintenance. Second, 
our design engineers must ease the 
maintenance burden by using only 
those instruments which are reall) 
needed. And third, our maintenance 
staffs must be prepared to handle the 
newer, more complex equipment. 


Better Diagnosis. Management fore- 
sees an increase in the number of 
maintenance personnel required. Our 
task is to hold this increase to a 
minimum. We also foresee a require- 
ment for better training of our 
mechanics. This, so far as dexterity 
and knowledge of how each instru- 
ment should be repaired and adjusted 
is concerned, can be handled by class- 
room and workshop instruction. What 
is more difficult to achieve by instruc- 
tion is the ability to diagnose a situa- 
tion to determine where in a process 
system trouble is located 


Better Selection. Selection of mechan- 
ics must be much improved and job 
permanence assured. The answers on 
how to hold people once trained, and 
how to reconcile the value of special 
training in relation of seniority, are 
not simple, and will often require 
labor-union cooperation. 


Better Training. Monsanto, like some 
other large processing companies, has 
made considerable progress with the 
easiest of these problems to solve — 
employee education. Our maintenance 
policy requires that we take full 
advantage of instruction offered by 
our equipment suppliers. 

But, finding no ready-made instru 
ment maintenance training completely 
satisfactory, we have developed a 
“Monsanto Instrument Maintenance 
Course” designed for both maintenance 
mechanics and maintenance engineers, 
to provide skill in the maintenance 
and adjustment of the pneumatic and 
mechanical mechanisms we commonly 
use. This is a basis course in instru- 
ment repair, requiring 12 weeks of 
five 8-hour days each. 

The text is special, prepared from 
the maintenance, not the design view- 
point, by experienced maintenance 
engineers. It has one objective — 
to teach the work which an instrument 
repairman does. Unlike the courses 
usually offered by instrument com- 
panies, this course seeks to teach prin- 
ciples of instrument repair and prin- 
ciples of instrument adjustment rather 
than basic theory of instrumentation 

The curriculum is strictly function- 
al. It is organized to duplicate, as well 
as can be done in a laboratory, repair 
problems encountered on the job. 
Standard commercial devices illustrate 
each problem, and operation, adjust- 
ment, and repair principles are re- 
lated to them. 

Each unit of subject matter seeks 
to select a different type of instru- 
ment device, outline the job it is 
supposed to do, and teach the prin- 
ciples of its operation as an aid to 
operation analysis. The methods for 
recognizing both proper operation and 
improper operation are given. Then 
the application of the selected prin- 
ciple to a number of representative 
instruments is pointed out, with prac- 
tice in their repair and adjustment. 

The program is handled in various 
ways. We prefer the straight full- 
time course where it can be used; but 
we also are trying dividing the instruc- 
tion into several short, 3-week periods, 


and also have made plans to teach it 
on a night-school basis. 

The first work on a similar program 
to train repairmen for electronic 
equipment is being started on an 
experimental basis. No formal course 
of study will be developed, however, 
until we know what maintaining 
electronic instruments really involves. 


Maintenance Outlines 


The second feature of our repair- 
man’s training program is the prepara- 
tion of standard instrument main- 
tenance outlines. Each outline covers a 
specific make and model of com- 
ponent. The outlines are based upon 
manufacturers’ instructions rewritten 
where necessary by our maintenance 
engineers and tested by repairmen in 
practice. Outlines list every step needed 
to maintain and adjust the instrument. 
Procedures are made uniform from 
manufacturer to manufacturer and 
from instrument to instrument, and are 
written in the language of the repair- 
man and of the basic repair course. 
The extension of both of these pro 
grams to embrace tomorrow's instru- 
mentation is obvious. 


Instrumentation Is for Profits 

Today's process industries manage- 
ment is not “for” instrumentation. 
Rather, management wants to use as 
little of it as it can. But management, 
viewing instrumentation as a means to 
greater profits for less business effort, 
believes that new instrumentation can 
be applied to chemical processess to 
make great savings. Management sus- 
pects that this instrumentation will be 
complex, and will account for a great- 
er percent of its physical plant. 

Lest our ability to capitalize on 
these developments be limited by our 
ability to install and service them, we 
need to start analyzing our personnel 
needs now for the coming years, and 
to start now, ourselves, to provide for 
these needs. The needs are many, 
including numbers of people, their 
proper organization and employment 
and the way in which they will carry 
out their jobs, their job classifications, 
their union relationships, and their 
training and education. But the great- 
est need is in the field of training and 
education. 

Because our problem is somewhat 
special within our industry rather 
than of general application, it is 
imperative that we ourselves take the 
initiative in educating for tomorrow. 
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CONFERENCE PROGRAM 


The first Conference event will be a day-long In- 
strument Maintenance Clinic sponsored by the Hous- 
ton ISA Section, beginning at 8:30 a.m., Saturday, 
January 30, at the University of Houston. A com- 
plete listing of clinic subjects is included in the Con- 
ference program on page 90. Admission free. 

The four day technical sessions and workshops, 
featuring 60 papers, begin on Monday morning, Feb- 
ruary 1, at 10 a.m. with the Keynote Sessions. 

All technical sessions and workshops will be held 
at the Rice Hotel, official ISA headquarters for the 
Houston meeting. Admission to the Conference is 
by registration only. Registration fees listed at right. 


CONFERENCE PAPER PREPRINTS 


Preprints of about 40 technical papers presented 
at ISA’s Houston Conference and Exhibit will be 
available at the ISA Publications Booth in the 
Registration Center at the Rice Hotel. Conference 
registrants may obtain 25 preprints of their own 
selection as part of the registration fee. 

Individual preprints per copy are $.35 to members 
of ISA and ACS; $.50 to others. A complete set of 
about 40 preprints is $5.00 to Conference registrants 
who are members of ISA or ACS; $8.00 to Conference 
registrants who are not members of either of these 
Societies. 

Non-registrants may obtain a complete set of about 
40 preprints at $8.00 for members of ISA or ACS and 
$12.00 for non-members. 


EXHIBIT 


The Houston ISA Show, opening on Tuesday, 
February 2, will present over 200 exhibits by leading 
manufacturers of instruments and control equipment. 
It will be held in the Sam Houston Coliseum. Ad- 
mission is free to all Conference registrants and 
holders of complimentary registration invitations. 
Admission to all others is $1.00. Exhibit hours are: 
Tuesday, Feb 2, 1 p.m. to 10:00 p.m. 
Wednesday, Feb. 3 1 p.m. to 10:00 p.m. 
Thursday, Feb. 4 10:00 a.m. to 6:00 p.m. 


EMPLOYMENT SERVICE 


ISA will maintain for its members, ISA Journal 
classified advertisers, and exhibitors an employment 
referral service. Employers may list their positions 
to be filled and those seeking new employment 
opportunities may register. R. E. Hansen will be in 
charge of the Employment Service, Room F, Sam 
Houston Coliseum, during the Exhibit hours. 


HOTEL RESERVATIONS 


All hotel reservations should be made through: 
ISA Housing Bureau, c/o Rice Hotel, P. O. Box 38, 
Houston, Texas. ISA Headquarters in the Rice Hotel. 
Other hotels: Ben Milam, Lamar and Texas State. 


INFORMATION CENTER 


A general information booth and message cen- 
ter will be maintained in the Registration area at 
the Sam Houston Coliseum, Walker Avenue En- 
trance, during Exhibit hours. 








ISA & ACS Non- 
Members members* 
Conference 
Entire program and 25 preprints...$ 8.00 $12.00 
Students no preprints 1.00 1.50 


Maintenance Clinic no charge 


Exhibit ; 
With complimentary registration 
Others 1.00 
Plant Tours 
Nominal charge for transportation ($2.00 each tour) 
(See Genera! In- 
formation page 89 for fees.) 
Preprints as 
Individual preprint per copy 35 50 
Complete set of 40 preprints: 
Conference registrants 5.00 8.00 
Non-registrants 8.00 12.00 
*Non-members surcharges can be applied toward first 
rear’s dues ($12.00) if ISA membership application 
s entered by March 15, 1960 


no charge 
1.00 


Ladies Program 











PLANT TOURS 


Three Houston area plants are scheduled for ISA 
tours during the Winter Conference and Exhibit. All 
visitors, including the ladies, are invited to make 
these tours. 

Humble Oil and Refining Company, Baytown, Tex- 
as. Tuesday, February 2; buses depart from the Rice 
Hotel at 1:30 p.m. (Transportation, $2.00) 

Diamond Alkali Company, Deer Park, Texas. Wed- 
nesday, February 3; buses depart from the Rice 
Hotel at 1:30 p.m. (Transportation, $2.00) 

Champion Paper and Fiber Company, Pasadena, 
Texas. Thursday, February 4; buses depart from Rice 
Hotel at 9 a.m. (Transportation, $2.00) 

In addition to the large plant tours listed above, 
the Houston Plant Tours Committee has made ar- 
rangements with companies in the Houston area for 
individuals or very small groups to visit their plants. 

Arrangements for these “Vest Pocket” tours can 
be made with the ISA Tours Committee at Regis- 
tration Centers in the Rice Hotel and Sam Houston 
Coliseum. 

Companies which can be visited are Hughes Tool, 
Grand Prize Beer, W.K.M., U.S. Gypsum, Keystone, 
Cameron Iron, Napko Paint, Schlumberger Well 
Surveying Co., May, Inc., Texas Instruments, Ideal 
Cement, Texaco, Southwestern Industrial Electronics 
and Shell Oil. 


REGISTRATION CENTERS 
AND HOURS 


Conference—Rice Hotel, Mezzanine 
Sunday, Jan. 31 2:00 pm to 5:00 pm 
Monday, Feb. 1 9:00 am to 5:00 pm 
Tuesday, Feb. 2 9:00 am to Noon 
Wed., Feb. 3 9:00 am to Noon 
Thursday, Feb. 4 9:00 am to Noon 


Maintenance Clinic—Univ, of Houston 
Sat., Jan. 30 8:30 am to 10:30 ¢ 


Exhibit—Sam Houston Coliseum 
Main Entrance—Walker Avenue 
Tues., Feb. 2 1:00 pm to 10:00 pm 
Wed., Feb. 3 1:00 pm to 10:00 pm 
Thur., Feb. 4 10:00 am to 6:00 pm 


Ladies Program—Sam Houston Room, Rice Hotel 
Sun., Jan. 31 2:00 pm to 5:00 pm 
Mon., Feb, 1 9:00 am to 5:00 pm 
Tues., Feb. 2 9:00 am to 5:00 pm 
Wed., Feb. 3 9:00 am to 5:00 pm 
Thur., Feb. 4 9:00 am to Noon 
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SATURDAY — JANUARY 30 


Houston Section. Instrument Mechanics 
Maintenance Clinic: Registration 
University of Houston, Roy Gustav Cul- 
len Bldg. 
Houston Section. Instrument Mechanics 
Maintenance Clinic: Keynote Session 
University of Houston Ezekial Cullen 
Auditorium 


SUNDAY — JANUARY 31 


Ladies Program Registration 
Rice Hotel, Sam Houston Room 


MONDAY — FEBRUARY 1 


Speakers Breakfast 
Rice Hotel, Neches Room 8:00 


Ladies Program Registration 

Rice Hotel, Sam Houston Room 9:00 
Keynote Session 

Rice Hotel, Grand Ballroom 10:00 < 
Chemical & Petroleum Instrumentation Ses- 
sion I 

Rice Hotel, Crystal Ballroom 
Management & Economics Session 

Rice Hotel, Trinity Room 
Session on Application of Aeronautical Tech- 
niques to Process Industries 

Rice Hotel, Sabine Room 2:30 
Cocktail Party with Hot Hors d’ceuvres 

Rice Hote!, Grand Ballroom 6:30 


DAILY CALENDAR OF EVENTS 





TUESDAY — FEBRUARY 2 


Speakers Breakfast 
Rice Hotel, Neches Room 8:00 


Ladies Program Registration 
Rice Hctel, Sam Houston Room 9:00 


Chemical & Petroleum Instrumentation Ses- 


sion II 
Rice Hotel, Crystal Ballroom 9:30 


Maintenance Management Workshop 
Rice Hotel, San Jacinto Room 


Feedback Control Systems Session 
Rice Hotel, Brazos Room 9:30 


Physical & Mechanical Measurements In- 


strumentation Session 
Rice Hotel, Colorado Room 9:30 ¢ 


ISA Exhibit 

Sam Houston Coliseum 1:00 pm to 10:00 pm 
Plant Tour, Humble Oil & Refining Co. 

Bus leaves Rice Hotel 1:30 pm 


Film, Principles of Frequency Response 
Sam Houston Coliseum, ISA Theater 2:00 pm 


Ladies Program 
Rice Hotel, Tea at Petroleum Club 3:00 pm 


Film, Principles of Automatic Control 
Sam Houston Coliseum, ISA Theater 3:30 pm 


Film, Principles of Frequency Response 
Sam Houston Coliseum, ISA Theater 7:00 pm 
Film, Principles of Automatic Control 


Sam Houston Coliseum, ISA Theater $:00 pm 





COCKTAIL PARTY WITH HOT HORS D’OEUVRES 


A Texas-size welcome — absolutely informal and 
positively no speeches — is in store for you at the 
Cocktail Party planned for Monday night, February 
1, in the Grand Ballroom of the Rice Hotel. 

The evening’s fun will begin with cocktails at 6:30 
p.m. against a background of music by strolling 
players, and will add up to a night of good fellow- 
ship, with the warmth of meeting old friends and 
making new ones. 

The local committee, headed by W. B. Rawson, has 
arranged this evening so that the price per ticket 
is low and includes both drinks and hors d’oeuvres. 
The per person charge is $5.75 if you reserve your 
ticket in advance. Tickets purchased on or after Sun- 
day, January 31, will be charged at $6.25 each. 

Don’t miss out on this Texas-size welcome, planned 
especially for you by the Houston Host Committee. 
Reserve your admission now. 


ISA MEMBERSHIP AND PUBLICATIONS 


Complete information about membership in ISA 
will be available at the ISA Booth in the Registration 
Area, Sam Houston Coliseum, Walker Avenue en- 
trance, and at the Rice Hotel, Registration Area. 
Non-members who register for conference programs 
will receive a refund of extra charges if they enroll 
as ISA members before March 15, 1960. You can 
learn about ISA publications, technical films, meet- 
ings, committees, the ISA Journal, local Section ac- 


ISA Journal 


tivities and the many other services which ISA offers 
to those working in the field of instrumentation. 

A lounge will be maintained at the ISA Booth— 
visit, rest and meet your friends here — you are 
always welcome. 

All ISA publications will be offered for sale at 
these centers. In addition to the Conference pre- 
prints, various technical proceedings, Recommended 
Practices, training manuals, film texts, abstracts, 
subscriptions to the ISA Journal and Russian Trans- 
lations will be available. 


FREE BUS SERVICE 


Crawford Fitting Company will provide free 
Swagelock Bus transportation from Houston hotels 
to the Sam Houston Coliseum and return. Complete 
schedules and routes will be posted in Houston ho- 
tels and in the Coliseum. 


PRESS ROOMS 


Fully equipped and staffed press rooms will as- 
sist representatives of all publications, radio and 
television with Conference and Exhibit coverage. 
Press Rooms will be open at the Rice Hotel, Feb- 
ruary 1 through 4, in the Pecos Room and the Comal 
Room. Press Rooms will be open at the Sam Houston 
Coliseum, February 2 through 4, in Room A, Walker 
Avenue entrance. 

These centers will contain all press facilities, news 
releases, preprints of technical papers and other ma- 
terial related to the Conference and Exhibit. 








WEDNESDAY — FEBRUARY 3 


Speakers Breakfast 

Rice Hotel, Neches Room am 
Ladies Program Registration 

Rice Hotel, Sam Houston Room am 
Process Analysis Instrumentation Session 

Rice Hotel, Brazos Room 9:30 am 
Measurement & Control Instrumentation 
Session 

Rice Hotel, Colorado Room am 
Standards &, Practices Session 

Rice Hotel, Sabine Room am 
Pipeline Instrumentation Session I 

Rice Hotel, San Jacinto Room am 
Systems Engineering Workshop Session I 

Rice Hotel, Trinity Room 9:30 am 
ISA Exhibitors Meeting 

Sam Houston Coliseum, Coral Room 10:00 am 
Ladies Program: Tour, Luncheon, Fashion Show 

Assemble in Sam Houston Room, Rice 

Hotel 10:30 am 
Systems Engineering Workshop Luncheon 

Rice Hotel, Crystal Ballroom Noon 
ISA Exhibit 

Sam Houston Coliseum 1:00 pm to 10:00 pm 

ISA Exhibitors Advisory Committee Meeting 

Sam Houston Coliseum, Coral Room 
Plant Tour, Diamond Alkali Co. 

Bus leaves Rice Hotel 
Film, Principles of Frequency Response 

Sam Houston Coliseum, ISA Theater 2:00 pm 

Systems Engineering Workshop Session II 

Rice Hotel, Trinity Room 2:30 pm 
Film, Principles of Automatic Control 

Sam Houston Coliseum, ISA Theater 3:30 pm 
Film, Principles of Frequency Response 

Sam Houston Coliseum, ISA Theater 
Film, Principles of Automatic Control 

Sam Houston Coliseum, ISA Theater 


11:00 am 


1:30 pm 


7:00 pm 


8:00 pm 


THURSDAY — FEBRUARY 4 


Speakers Breakfast 

Rice Hotel, Neches Room 
Ladies Program Registration 

Rice Hotel, Sam Houston Room 
Plant Tour, Champion Paper and Fibre Co. 

Bus leaves Rice Hotel 9:00 
Students Day 

Assemble in Coral Room, Coliseum 9:30 
Laboratory Analysis Instrumentation Session 

Rice Hotel, San Jacinto Room 9:30 < 
Data Handling & Computation Session 

Rice Hotel, Trinity Room 9:30 
Electronics Service Seminar 

Rice Hotel, Brazos Room 9:30 
Sales Engineering Workshop 

Rice Hotel, Colorado Room 9:30 
Pipeline Instrumentation Session II 

Rice Hotel, Crystal Ballroom 9:30 
Ladies Program 

Continental Coffee, Sam Houston Room, 

Rice Hotel 10:00 
ISA Exhibit 

Sam Houston Coliseum 10:00 am to 6:00 
Film, Principles of Frequency Response 

Sam Houston Coliseum, ISA Theater 11:00 
Session Chairmen Evaluation Meeting 

Rice Hotel, Cougar Room, 3rd Floor 1:00 
Film, Principles of Automatic Control 

Sam Houston Coliseum, ISA Theater 2:00 
Film, Principles of Frequency Response 

Sam Houston Coliseum, ISA Theater 
ISA Executive Board Meeting 

Rice Hotel, Neches Room 


FRIDAY — FEBRUARY 5 


ISA Executive Board Meeting 
Rice Hotel, Neches Room 





STUDENT'S TOUR 


College students in technical fields are invited 
to be guests of ISA for the Students Tour program on 
Thursday, February 4. Students will assemble at the 
Coliseum at 9:30 a.m., Coral Room, second floor, for 
a 30-minute talk on instrumentation. They will then 
be taken on a special guided tour of the exhibits. 
Tours will end at noon, but students will be free to 
remain in the exhibit area for the rest of the day, 
if they choose. 


SPECIAL SHOWING — TECHNICAL FILMS 


During the ISA Exhibit, visitors will have an 
opportunity to see special showings of two ISA 
films. The sound-color film “Principles of Frequency 
Response” will be shown on Tuesday and Wednesday, 
February 2 and 3, at 2 p.m. and 7 p.m., and on 
Thursday, February 4, at 11 a.m. and 4 p.m. 

The sound-color film “Principles of Automatic 
Control” will be shown on Tuesday and Wednesday, 
February 2 and 3, at 3:30 p.m. and 8 p.m., and on 
Thursday, February 4, at 2:00 p.m. 

All showings will be at the ISA Theater, Sam 
Houston Coliseum. 


COOPERATING SOCIETIES 


Members of American Chemical Society will be ad- 
mitted on the same basis as ISA members. Member- 
ship cards are required for identification. 


LADIES ACTIVITIES 


A pleasant round of activities is planned for ladies 
who are guests at ISA’s Winter Conference and Ex- 
hibit in Houston, with plenty of free time in the 
schedule to shop in the city’s fine stores, visit its 
many museums, attend the theater, and get to know 
this exciting Southern city. Planned activities in- 
clude the following: 

Sunday, January 31: Registration and “get ac- 
quainted” time in the Sam Houston Room, Rice Ho- 
tel, 2 p.m. to 5 p.m. 

Monday, February 1: Registration and “get ac- 
quainted” time in the Sam Houston Room, Rice Ho- 
tel, 9 a.m. to 5 p.m. In the evening, cocktails in the 
Grand Ballroom of the Rice Hotel, 6:30 p.m. (See de- 
tails under Cocktail Party nage 88.) 

Tuesday, February 2: Registration in the Sam 
Houston Room, Rice Hotel, 9 a.m. to 5 p.m. Tea at the 
Petroleum Club, atop the Rice Hotel, 3 p.m. to 5 p.m. 
Per person: $1.75. 

Wednesday, February 3: Registration in the Sam 
Houston Room, Rice Hotel, 9 a.m. to 5 p.m. Conducted 
tour of Houston, luncheon at the Junior League 
Luncheon Club, followed by a fashion show. Assem- 
ble in Sam Houston Room, Rice Hotel, at 10:30 a.m. 
for these activities. Reservations are limited, so reser- 
vations must be made no later than Monday at 2 p.m. 
Per person: $4.00. 

Thursday, February 4: Registration in the Sam 
Houston Room, Rice Hotel, 9 a.m. to noon. Continen- 
tal Coffee, Sam Houston Room, Rice Hotel, 10 a.m. 
to 12:30 p.m. per person: $1.50. 
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ISA WINTER INSTRUMENT-AUTOMATION CONFERENCE & EXHIBIT 





EIGHTH HOUSTON ISA SECTION INSTRUMENT 
MECHANICS MAINTENANCE CLINIC (NO FEE) 


Saturday, January 30 — 8:30 a.m. to 5:45 p.m. 
University of Houston 


Clinic Chairman: R. G. Marvin, Dow Chemical Co. 


Registration: 8:30 a.m. to 9:45 a.m. — Coffee served. 
Roy Gustav Cullen Building, 2nd Floor. 


Keynote Session: 9:45 a.m. to 10:15 a.m.—Auditorium 
Speaker: J. Johnston, Jr., E. I. duPont de Nemours 
and Company, and President, Instrument Society 
of America. Topic: What is the Future for Instru- 
ment Mechanics and Technicians in Process In- 
strumentation? 

Schedule: 

10:30 a.m. to 11:40 a.m. — Session #1 
1:00 p.m. to 2:10 p.m. — Session #2 
2:15 p.m. to 3:25 p.m. — Session #3 
3:45 p.m. to 4:55 p.m. — Session #4 
5:00 p.m. to 5:45 p.m. — Open Displays 
Ten subjects will be presented. Each registrant may 
attend any four subjects (during Sessions #1 to 
#4) in addition to the Keynote Session. 


Curricula: 
Magnetic Flowmeters—Fischer & Porter Co. 


Flame Failure Devices — Minneapolis-Honeywell 
Regulator Co. 


Infrared Analyzers—Mine Safety Appliances Co. 
Part I—Principles, Sessions 1 and 3 
Part II—Maintenance, Sessions 2 and 4 
Cascade and Ratio Control for Electrical Control- 
lers — Manning, Maxwell and Moore Co. 


Sizing and Maintenance of Control Valves and 
Regulators — Fisher Governor Company. 


Gas Chromatography — Harshaw Scientific Co. 
Educational Film 


Maintenance and Application of Pneumatic Com- 
puting Relays — The Foxboro Company. 


Maintenance of Force-Balance Controllers and Ap- 
plications—The Foxboro Co. 


N. L. Isenhour 
Maintenance Management 
Union Carbide Nuclear 


J. O. Gracey 
Conference Coordinator 
Union Carbide Chemicals) 


ISA Journal 


Maintenance of Oxygen Analyzers — Leeds & 
Northrup Company. 


KEYNOTE SESSION 


Monday, February 1, — 10:00 a.m. to 12:30 p.m. 


Rice Hotel — Grand Ballroom 


Program Chairman: J. O. Gracey, Union Carbide 
Chemical Company. 

State-of-the-Art in Process Computer Control, (47- 
H60), Chalmer Jones, Manager, Daystrom Systems 
Division, La Jolla, California. 

Economic Consequences of Automation and Process 
Control, (48-H60), Charles D. Stewart, Deputy Assist- 
ant Secretary for Research and Development, U. S. 
Department of Labor, Washington, D. C. 

Process Control in the Electronic Era, (49-H60), T. C. 
Wherry, Phillips Petroleum Co., Bartlesville, Okla., 
and ISA Technical Department Vice President. 


CHEMICAL & PETROLEUM INSTRUMENTATION 
SESSION | 


Monday, February 1 — 2:30 p.m. to 5:00 p.m. 
Rice Hotel — Crystal Ballroom 


Program Chairman: Louis Gess, Minneapolis-Honey- 
well Regulator Co. 


Session Chairman: C. C. Cobb, Magnolia Petroleum 


*Hinsdale High School Computer Project, (24-H60), 
by David M. Boyd, Jr., Universal Oil Products. 


*Capacity Control of Reciprocating Compressors, (25- 
H60), by D. L. Hagler, The Linde Company. 


“Multiple Loop Control Systems, (26-H60), by Charles 
Mamzik, Moore Products. 


MANAGEMENT & ECONOMICS SESSION 
Monday, February 1 — 2:30 p.m. to 5:00 p.m. 
Rice Hotel — Trinity Room 


Program Chairman: W. O. Webber, Humble Oil & 
Refining Co. 


Session Chairman: Dr. W. B. Franklin, Humble Oil 
and Refining Co. 


“The Economics of Oscillation Reduction in Processes, 

(29-H60), by John F. Pink, Southwestern Industrial 

Electronics, Inc. 
A general approach to the earnings relationship between 
oscillations and no oscillations in a process is developed 
A specific example is presented where reduction of 10% 
brings about a 6° earnings improvement where a direct 
1:1 relationship exists between increments of quality and 
earnings. A chart is presented by which savings for a 
range of percent oscillation amplitudes can be determined. 


*“A Maintenance Accounting System, (30-H60), by E. 
A. Heckler, The Chemstrand Corp. 


A brief review of the factors which must be considered 
to justify expenditures for instrument installations are 
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presented. Special emphasis is given to the maintenance 
factor. A system for maintenance accounting is presented 
and examples on the use of this system are shown 
Economic Comparisons of Instrument Systems and 
Styles of New Plant Design, (35-H60), by W. A. 
Crawford, E. I. du Pont de Nemours & Co., Inc. 
The economic justification of one instrument system over 
another can be determined by calling on the percent re- 
turn formula in an incremental manner. Cost evaluations 
are used to help choose instrument systems and styles for 
new plants. Illustrations of several types of these compari- 
cons are included. 


SESSION ON APPLICATION OF AERONAUTICAL 
INSTRUMENTATION TECHNIQUES TO 
PROCESS INDUSTRIES 


Monday, February 1 — 2:30 p.m. to 5:00 p.m. 


Rice Hotel — Sabine Room 


Program Chairman: D. G. Wilson, Convair-Astronau- 
tics Corp. 

Session Chairman: W. N. Wright, Convair-Astronau- 
tics Corp. 

*Applications of Electronic Precision Pressure Mez- 
surements (37-H60), Frank Bumb and W. D. Schultz. 
Consolidated Systems Corp. 

An Analog-Digital Recorder for Process Data Han- 
dling (38-H60), Minneapolis-Honeywell Regulator 
Company. 

Instrumentation System Calibration — End to End 
Versus Electrical, (39-H60), A. W. Torrible, Convair 
Astronautics Corp. 
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CHEMICAL & PETROLEUM INSTRUMENTATION 
SESSION II 


Tuesday February 2 — 9:30 a.m. to Noon 
Rice Hotel — Crystal Ballroom 


Program Chairman: Louis Gess, Minneapolis-Honey- 
well Regulator Co. 


*Computing Control of Catalytic Reforming Process, 
(18-H60), by Robert Silva, The Foxboro Company 
and R. W. Sonnenfeldt, Radio Corporation of America 


A well-known catalytic process is examined. The process 
is described, typical reactions are listed, and the principal 
variations are discussed 

Optimizing criteria are presented in conjunction with an 
analytical model of the process. Computer functions, in 
addition to process control, are tabulated 

In this study, a digital computer is indicated. Specifica- 
tions for memory capacity and computational speed are 
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developed with allowance for data logging and future ex- 
pansion. 

Appropriate comments on the reliability of the hardware 
are offered. 


*The Practical Use of Electronic Control Instruments, 
(27-H60), by Pemberton H. Drinker, The Foxboro 
Company. 
While electronic control per se is no revelation to industry 
today, its widespread acceptance and general availability 
is still to come. This paper reviews the potentialities of a 
d-c system, and relates its present role in plant stream 
regulation to a bright future in computer control. 


“Experiences with Electronic Control, (28-H60), by 
Jack T. Teed, Minneapolis-Honeywell Regulator 
Company. 
This paper describes the start-up experiences associated 
with a new line of miniature electronic controls. Educa- 


tion of personnel, maintenance requirements and equip- 
ment operation are discussed in detail. 


MAINTENANCE MANAGEMENT WORKSHOP 


Tuesday, February 2 — 9:30 a.m. to Noon 


Rice Hotel — San Jacinto Room 


Program Chairman: N. L. Isenhour, Union Carbide 
Nuclear Company. 


Session Chairman: W. H. Fortney, Humble Oil & 
Refining Co. 


Selection and Training of Maintenance Personnel; 
M. J. Ladden, Minneapolis-Honeywell Regulator Co. 


Maintenance Labor Relations; D. W. Richmond, Mon- 
santo Chemical Co. 


Equipment Reliability and Maintainability; W. E. 
Bloss, General Electric Co. 


*Contract Maintenance; M. B. Lorig, Panellit, Inc. 


Selection and Training of Maintenance Personne!; 
M. H. Van-Manen, Union Carbide Chemicals. 


FEEDBACK CONTROL SYSTEMS SESSION 
Tuesday, February 2 — 9:30 a.m. to Noon 


Rice Hotel — Brazos Room 


Program Chairman: Dr. R. J. Fanning, Continental 
Oil Co. 


“On the Control! of Dynamic Fixed-Bed Catalytic Re- 
actors, (7-H60), by H. Deans, Rice Institute and Dr. 
L. Lapidus, Princeton University. 
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A detailed discussion is presented of the model represen- 
tation of a packed-bed catalytic reactor. Based upon a 
new model, details are presented for the transient be- 
havior of a typical reactor. The implications of this model 
are then considered in terms of control of the reactor. 


A New Method of Start Up for the Batch Industries, 
(8-H60), by Robert L. Farrenkopf, Minneapolis-Hon- 
eywell Regulator Company. 
A new method of start up applicable to both two ard three 
mode controllers is described and compared in perform- 
ance to conventional start up and the rate before reset 
method for two capacity plus dead time processes 


Prediction of Controller Settings for a Generalized 
Process Control Loop, (9-H60), by L. R. Freeman 
and R. L. Owen, Phillips Petroleum Company. 
As part of a control systems engineering program, a digi- 
tal computer program has been developed to determine 
optimum controller settings for a generalized single loop 
control system under a step load disturbance 


PHYSICAL & MECHANICAL MEASUREMENTS 
INSTRUMENTATION SESSION 


Tuesday, February 2 — 9:30 a.m. to Noon 


Rice Hotel — Colorado Room 


Program Chairman: Mills Dean III, David Taylor 
Model Basin. 


Session Chairman: C. E. Balleisen, Southern Metho- 
dist University. 


“Design of Instrumentation for the Measurement of 
Time-Dependent Strain in Stressed Rock Specimens, 
(1-H60), by H. R. Hardy, Jr., Canadian Department 
of Mines and Technical Surveys. 
Instrumentation has been developed to determirve the 
viscoelastic properties of rock and mineral specimens over 
long periods of time. This paper describes the construction 
of this apparatus and discusses in detail calibration and 
stability studies carried out 


A Telemetering Torque and Horsepower Meter for 

Permanent Installation on Shipboard, (2-H60), by 

Meredith W. Wilson, David Tayior Model Basin. 
A system is described for measuring torque and horse- 
power in rotating shafts without the use of sliprings. The 
entire system is transistorized and appears to be quite sta- 
ble and reliable. Particular attention is given to the multi- 
plying gate, which provides the product of torque and 
rpm signals to obtain horsepower. This is a very simple 
circuit employing a rate-controlled fixed-pulse-time gate 


Magnetoresistive Effects in Metallic Resistance 
Strain Gages, (3-H60), by Jack Gunn, Lawrence 
Radiation Laboratory. 

Commonly used Elinvar Strain Gages display a change in 
resistance caused by stationary magnetic fields. The mag- 
nitude of this effect is dependent on strain level of the 
gage as well as orientation of the gage with respect to the 
magnetic field. Theory is discussed and experimental re- 
sults presented so as to permit correction of strain meas- 
urement errors resulting from Magnetoresistive affects. 


Experience with Strain Gages on Large Diameter 


Buried Pipelines, (21-H60), by George M. McClure, 
Battelle Memorial Institute. 





Some research sponsored by the American Gas Association 
in recent years has resulted in rather extensive use of 
bonded wire strain gages on buried piping. The techniques 
avd experience concerning reliability of the gages over 
leng periods of time are described. In some installations 
(usually in wet areas) most of the gages become inop- 
erative after 1 or 2 months. In others, however, the gages 
are still good after 2 years. With proper techniques it is 
possible to obtain good long-time reliability under ad- 
verse buried conditions. 


*The Application of Measurement Instrumentation to 
the Determination of Stresses Encountered in Rocks 
Surrounding Underground Openings, (23-H60), by A. 
N. May, Canadian Department of Mines and Tech- 
nical Surveys. 
This paper describes instrumentation that has been devel- 
oped at the Mines Branch to measure the stress in the 
interior of rocks surrounding underground openings. One 
instrument measures uniaxial stress changes and also al- 
lows the existing stress condition to be determined. An- 
other instrument measures biaxial stress changes. The 
former has been sufficiently developed to allow it to be 
used in field investigations but the latter is still under- 
going laboratory developments. 


PROCESS ANALYSIS INSTRUMENTATION SESSION 
Wednesday, February 3— 9:30 a.m. to Noon 


Rice Hotel — Brazos Room 


Program Chairman: Dr. R. F. Wall, Monsanto Chem- 
ical Company. 


Session Chairman: R. C. Halter, Humble Oil & Re- 
fining Co. 


*Automatic Control with High Speed Chromatogra- 

phy, (5-H60), by R. E. Wightman, F. W. Karasek, and 

M. M. Fourroux, Phillips Petroleum Company. 
A Phillips designed high speed chromatographic analyzer 
has been used on a Depropanizer Column and a Furfural 
Extractive Distillation Column to automatically maintain 
composition specifications of column products in simple, 
direct, closed-loop control systems. Operating on cycles 
of a minute or less, this process chromatograph provides 
a continuous output signal corresponding to the concentra- 
tion measurement of the key component in the process 
stream 


*Application of an Ultra-Sonic Viscometer to Polymer 
Processes, (16-H60), by A. W. Wotring and T. B. Mc- 
Aveeney, Monsanto Chemical Co. 
The use of an ultrasonic viscometer in polymerization 
processes is discussed. As well as being a versatile instru- 
ment because of its mechanical simplicity, this instrument 
gives results different from the usual process viscosity 
measurements. Because of this it has some unique appli- 
cations in polymer systems. The response as a function of 
polymer concentration is emphasizec. General application 
to polymeric systems, characteristics of this type measure- 
ment, and limitations are covered. 
*Theory of Radiation as Applied to Chemical Analy- 
ses, (22-H60), by Charles O. Badgett, Industrial Nu- 
cleonics Corp., and Edward J. Freeh, University of 
Dayton. 
Working equations are developed to permit predictions of 
the performance of these analyzers when both densities 
and absorption coefficients are considered. A simplified 
expression is presented for use in the regions where the 
densities and absorption coefficient ratios are close to one 
(1) and the system is essentially dilute in one component. 
Systems are discussed which illustrate this principle. 


MEASUREMENT & CONTROL INSTRUMENTATION 
SESSION 
Wednesday, February 3 — 9:30 a.m. to Noon 
Rice Hotel — Colorado Room 


Program Chairman: D, Vandeventer, Leeds & Nor- 
thrup Company. 


*Electrical Pickup Problems in the Application of 
Electronic Instruments & Control, (31-H60), by Will 
McAdam and D. Vandeventer, Leeds & Northrup 
Company. 
The paper establishes the significance of electrical pickup. 
It defines and classifies the various kinds of pickup, the 
manner in which it enters the circuit, its effect on the 
instrument, and the various techniques for avoiding or 
curing the problem. 


*Safe and Sensitive Electronic Measurements, (40- 

H60), by Louis J. Rogers, Union Carbide Olefins 

Company. 
One approach to making many sensitive measurements in 
hazardous areas of chemicals and plastics plants by elec- 
tronics means is described. The use of an intrinsically 
safe system employing a novel ultrasensitive transducer- 
oscillator has solved the dilemma. While designed for ease 
of field installation and maintenance, the instrument is 
nevertheless simple and inexpensive to fabricate. 


Intrinsic Safety, (33-H60), by Willis F. Hickes, The 
Foxboro Company. 


STANDARDS & PRACTICES SESSION 
Wednesday, February 3 — 9:30 a.m. to Noon 
Rice Hotel — Sabine Room 


Program Chairman: C. W. Bates, Humble Oil & Re- 
fining Company. 


i ee Seine a 
—~- 


Introduction: G. G. Gallagher, The Fluor Corp. 


Standards and Practices Division Progress Reports: 


ISA RP-12 — Instrumentation in Hazardous Lo- 
cations; Willis Hickes, The Foxboro Co. 


ISA RP-16—Rotameters; S. Blechman, Brooks Ro- 
tameter Co. 


ISA RP-34—Pipeline Industry Control Diagrams, 
R. J. Osborne, Sinclair Pipeline Co. 


Instrument Manual Activity of API, R. R. Proctor, 
Pure Oil Company. 


ASA Standards Philosophy, B. Scott Liston, Diamond 
Alkali Company. 


PIPELINE INSTRUMENTATION SESSION | 
Wednesday, February 3 — 9:30 a.m. to Noon 


Rice Hotel — San Jacinto Room 


Program Chairman: M. T. Nigh, Service Pipeline Co. 


Session Chairman: M. D. Altfillisch, Norwood Con- 
trols. 


*Evaluation of Electric Control Valve Performance 

in Pipe Line Service, (19-H60), R. J. Osborne, Sin- 

clair Pipe Line Co. 
Electric control valves have been widely used in pipe 
line applications. As a project of the ISA Liquid Pipe 
Line Committee directed by Mr. Osborne, a study was 
made of control valves under various operating condi- 
tions to determine how well available control valves 
performed in pipe line service. The evaluation of the 
information obtained from this study has been prepared 
as a final report on the project which will be presented 
in this paper. 


*Dynamics of a Closed System Liquid Pipe Line, (20- 
H60), R. E. Boyle, Service Pipe Line Company. 
It is important that we evaluate the transient hydraulics 
of a long closed system pipe line. This is desirable for 
the proper design of digital remote control and tele- 
metering systems since transient conditions must be al- 
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lowed for in the design and the separation of transient 
data from static operating conditions. This work is a 
step in the extension of automation in the pipe line 
industry involving possible use of computer control or 
computer assist in the operation of liquid pipelines. The 
computer assist could allow one operator to make many 
final decisions with ease upon suggested plans of action 
proposed by the computer. 


Recommendation for the Application of Instrumenta- 

tion and Control to Liquid Pipe Lines, (43-H60), J. F. 

Stephenson, Gulf Oil Company. 
Design criteria for the application of instrumentation and 
control to liquid pipe line systems are discussed. Recom- 
mendations are included for the application of metering 
instrumentation, pressure and flow control. A particular 
application of flow control with suction and discharge 
pressure overrides is also included. 


SYSTEMS ENGINEERING WORKSHOP SESSION |! 
Wednesday, February 3 — 9:30 a.m. to Noon 
Rice Hotel — Trinity Room 


Program Chairman: Dr. T. M. Stout, The Thompson- 
Ramo-Wooldridge Products Co. 


Session Chairman: W. B. Fields, Union Carbide Ole- 
fins Co. 


“Why & Where Should A Chemical Company Use 

Computer Control, (11-H60), by Kenneth A. Otto, 

Dow Chemical Company. 
A brief summary of the users viewpoint from the manage- 
ment side. Covers briefly what management expects from 
computer control, what types of processes are amenable, 
and our obligations to management and the future of com- 
puter control in the justification and follow up of com- 
puter installations. 


A User’s Viewpoint — What Problems Must Be Faced 


in Planning Computer Control Systems? (12-H60), 
by Eric A. Weiss, Sun Oil Company. 


A Manufacturer’s Viewpoint—How Do You Plan 
Computer Control Systems Which Require A Mathe- 
matical Model? (13-H60), by J. J. W. Brown, The 
General Electric Company. 


An Educator’s Viewpoint — Who Will Design Com- 
puter Control Systems? (15-H60), by Dr. D. P. Eck- 
man, Case Institute of Technology. 


How To Plan Computer Control Systems Which Do 
Not Require a Mathematical Model, (14-H60), by 
Geoffrey Post, Genesys Corporation. 

Lack of a mathematical model does not mean an effective 
control computer cannot be designed for a system require- 
ment. The approach is to use an analytical computer with 
an oversize memory to evolve a control equation model by 
use of adaptive and correlative mathematical analysis. 
The model is not an exact mathematical model but an 
optimum control configuration which can offer the major 
benefits of an exact mathematical model without going 
through a trying analysis. Eventually, the analytical com- 
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puter is replaced by a small, special purpose optimizing 
computer to concentrate on a specific process and the ana- 
lytical unit moved to another process undergoing investi- 
gation in a refinery, chemical plant or utility. 

Several analytical “learning’’ methods are described for 
actual use by the anaiytical unit. An example of typical 
types and costs of computer configurations for the ana- 
lytical unit and special purpose units is also noted 


SYSTEMS ENGINEERING WORKSHOP LUNCHEON 
Wednesday, February 3— Noon to 2:00 p.m. 


Rice Hotel — Crystal Ballroom 


SYSTEMS ENGINEERING WORKSHOP SESSION Ii 


Wednesday, February 3 — 2:30 p.m. to 5:00 p.m. 


Rice Hotel — Trinity Room 
Program Chairman: Dr. T. M. Stout, The Thompson- 
Ramo-Wooldridge Products Co. 


Session Chairman: A. J. Andrews, Phillips Petroleum 
Co. 


Session II will be conducted as a panel and will 
include all morning speakers. These individuals will 
be joined by the following additional panelists: Dr. 
Montgomery Phister, Jr., The Thompson-Ramo-Woo]l- 
dridge Products Company; and John F. Pink, South- 
western Industrial Electronics Company. 


LABORATORY ANALYSIS INSTRUMENTATION 
SESSION 


Thursday, February 4 — 9:30 a.m. to Noon 


Rice Hotel — San Jacinto Room 


Program Chairman: Dr. R. F. Wall, Monsanto Chem- 
ical Company. 


Session Chairman: E. A. Hinkle, Monsanto Chemical 
Company. 


“A New and Versatile Gas Chromatograph for the 
Research Laboratory, (6-H60), by J. M. Klaasse and 
W. Hampton, American Instrument Company, Inc. 


A new research instrument combines extreme sensitivity 
with a thermistor over a wide temperature range from 
ambient to 300°C.; options of thermistor, tungsten filament, 
or RF glow discharge ionization detectors; microsyringe 
or microcapsule liquid injection to 540°C.; and a novel 
fraction collecting system. Analytical results with various 
classes of compounds will be shown. 





Laboratory Gas Chromatography with Golay Col- 
umns and Flame Ionization Detectors, (36-H60), by 
Richard B. Condon and Philip R. Schally, Perkin- 
Elmer Corp. 


*“Use of Beta Ray Detector with Conventional Gas 
Chromatography Columns, F. D. Martin, Dow Chem- 
ical Company. 


DATA HANDLING AND COMPUTATION SESSION 
Thursday, February 4 — 9:30 a.m. to Noon 
Rice Hotel — Trinity Room 


Program Chairman: Dr. Sidney Kaufman, Shell De- 
velopment Company. 


Data Handling as Part of a System, (4-H60), by Rex 
B. Grey, Southwestern Industrial Electronics Com- 
pany. 
Design your data handling system so it will be an integral 
part of an Automation Control System. Design also so that 
the data will be in proper form and at proper speed for 
computer use or computer control. 


Digital Computer Control of a Catalytic Reforming 
Unit, (17-H60), by James W. Lane, The Thompson- 
Ramo-Wooldridge Products Company. 


A catalytic reforming unit is commonly operated at a 
production rate and octane level which will provide the 
required total quantities and qualities of the different 
grades of gasoline produced in a refinery. As characteris- 
tics of the crude entering the refinery, the performance 
of other units, and gasoline blending schedules change, 
corresponding adjustments are made in the goals of re- 
forming unit operation. Because the choice of conditions 
for best operation is a compromise between conflicting 
objectives, a reforming unit is a natural candidate for 
computer control. 

By constructing mathematical relationships to represent 
a typical unit, this paper describes a possible computer 
control system. Block diagrams and numerical examples 
are given which show how a computer can receive data 
from process instruments, calculate optimum operating 
conditions, and take action through conventional cascade 
controllers to achieve process operating objectives. 


“Auditing Tank Volumes, (34-H60), by James P. An 
thony, Jr., Texas Instruments Inc. 
Several systems of determining corrected volumes of stor- 
age tanks will be describd. The usual remote gauge may 
be supplemented by equipment to include water content 
and other tank factors. 


PIPELINE INSTRUMENTATION — SESSION II 


Thursday, February 4 — 9:30 a.m. to Noon 
Rice Hotel — Crystal Ballroom 


Program Chairman: T. C. Schroeder, Union Switch & 
Signal. 


Session Chairman: M. T. Nigh, Service Pipe Line Co. 


*What Management Expects from Instrumentation 

Engineering for the Liquid Pipe Line Industry, (44- 

H60), G. L. Maciula, Service Pipe Line Company. 
Instrumentation engineers are finding that system design 
criteria more frequently include operating conditions that 
are determined more by management considerations than 
by strictly engineering considerations. Mr. Maciula here 
presents to instrumentation engineers a discussion of the 
operating philosophies which should be considered in in- 
strumentation system design. The organizational arrange- 
ment of humans and machines is discussed from the 
standpoint of the degree of systems engineering required 
to develop the best division of responsibility dictated by 
today’s operating needs for reliability. 


What Management Expects from Instrumentation En- 
gineers for the Gas Pipe Line Industry (45-H60), Sy 
Orlofsky, Columbia Gulf Transmission Company. 


Instrumentation engineering for the gas pipe line industry 
requires design criteria based on operating philosophies 








Dr. R. F. Wall 
Analysis Instrumentation 
Monsanto Chemical Co 


J. R. Dale 
Sales Engineering 
Daystrom-W eston 


which are developed on the basis of management con- 
siderations. Mr. Orlofsky will develop for instrumentation 
engineers the philosophy which should be used to engi- 
neer centralized control systems for gas pipe lines. Op- 
erating experience with the philosophy of centralized con- 
trol will be presented as well as observations and recom- 
mendations to instrumentation engineers based on this 
experience 


The Future Requirements for Pipe Line Instrumenta- 

tion and Control (46-H60), F. O. Stivers, Humble 

Pipe Line Company. 
Pipe line instrumentation systems designs, in order to be 
optimum, must include design criteria based on future 
pipe line operational requirements. These operational re- 
quirements are most affected by economic conditions 
Mr. Stivers will present an analysis of the economic data 
available today which will affect future pipe line opera- 
tional requirements. This data will be related to the fu- 
ture requirements for pipe line instrumentation and con- 
trol 


ELECTRONICS SERVICE SEMINAR 
Thursday, February 4 — 9:30 a.m. to Noon 
Rice Hotel — Colorado Room 


Program Chairman: John M. Cage, Hewlett-Packard. 
Session Chairman: Car] R. Mahurin, Hewlett-Packard. 


*Electronic Instrument Service Seminar, (10-H60), 
by Carl R. Mahurin, Hewlett-Packard Company. 


Manufacturers of electronic instruments have developed 
highly organized methods of maintenance and repair of 
instruments. A review of the structure and operation of 
the service facilities in companies of various types, show- 
ing how these programs aid the companies in getting the 
best use from their electronic instruments, will be made. 


SALES ENGINEERING WORKSHOP 
Thursday, February 4 — 9:30 a.m. to Noon 
Rice Hotel — Colorado Room 


Program Chairman: J. R. Dale, Daystrom Corp. 


The workshop format will be a panel discussion 
on the subject “Specifying A Sales Engineer.” Par- 
ticipating will be Dr. Joseph L. Schweppe of the 
University of Houston, Mr. George Frye of Union 
Switch and Signal, and Mr. R. L. Patton of Gulf 
Oil Corporation. The program chairman is J. R. Dale, 
Daystrom-Weston, Houston. 
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>DEXHIBITORS 


AT THE ISA WINTER INSTRUMENT-AUTOMATION 
CONFERENCE & EXHIBIT, FEBRUARY 1-4, 1960 
SAM HOUSTON COLISEUM, HOUSTON, TEXAS 


EXHIBIT HOURS— 


Tuesday, February 2 
1:00 pm to 10:00 pm 


’ Wednesday, February 3 
1:00 pm to 10:00 pm 


Thursday, February 4 
10:00 am to 6:00 pm 
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AERONAUTICAL & INSTRUMENT DIV. 


ROBERTSHAW-FULTON CONTROLS CO. 


Santa Ana weer at Euclid Ave. 
Anaheim, Calif 


ALPHA Seon co. 
P Box iy ad wed Ashburn St.) 
Houston 17, Tex 
FIKE METAL PRODUCTS CORP., THE 
HALLIKAINEN INSTRUMENTS 
RESEARCH CONTROLS CO., THE 
SCAM INSTRUMENT CORP., THE 


AMERICAN INSTRUMENT CO., INC 
8030 Georgia Ave. 
S:lver Spring, Md. 


AMERICAN LAUBSCHER CORP. 
250 West 57th St. 
New York 19, N.Y. 


ANDERSON, GREENWOOD & CO. 
5425 Rice Ave. 
Houston 36, Texas 


ANEMOSTAT com. OF AMERICA 
10 East 39th S$ 
New York 16, si Y 
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ANNIN CO., THE 
1040 South Vail Ave 
Montebello, Calif. 


ATLANTIC PYROMETERS, INC. 
190 Warburton Ave. 
Hawthorne, N. J. 


AUTOMATION CONTROLS DIV. 

GENERAL CONTROLS CO. 
8080 McCormick Blvd. 
Skokie, Ill. 


AUTOMATIC ELECTRIC CO. 
Northlake, Ill. 


AUTOMATIC TIMING & CONTROLS, 


Junction of 202, 252 & 43 
King of Prussia, Pa. 


AUTOMATIC SWITCH CO. (ASCO) 
52-H Hanover Road 
Florham Park, N. J. 


AUTOMOTIVE RUBBER CO. 
12550 Beech Rd at PMRR 
Detroit 39, Michigan 
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BAILEY METER CO 
1050 Ivanhoe Rd. 
Cleveland 10, Ohio 


BALLANTINE LABORATORIES, INC 
Boonton, N. 


BARBER-COLMAN CO. 
WHEELCO INSTRUMENT DIV. 
1300 Rock St. 
Rockford, Ill. 


BARTON INSTRUMENT CORP. 
580 Monterey Fass Rd 
Monterey Park, Calif. 


BECKMAN INSTRUMENTS, INC. 

SCIENTIFIC & PROCESS INSTRUMENTS DIV 
2500 Fullerton Rd. 
Fullerton, Calif. 


BENDIX COMPUTER DIVISION 
5640 Arbor Vitae St 
los Angeles 45, Calif 


BLACK, SIVALLS & BRYSON, INC 
CONTROLS DIV. 

7500 East 12th St 

Kansas City. Mo 


BRISTOL CO., THE 
Waterbury 20, Conn. 


BRODIE, RALPH N., CO. 
San Leandro, Calif. 


BROOKS ROTAMETER CO 
207 W. Vine St 
Hatfield, Pa. 


BRUSH INSTRUMENTS 

DIV. OF CLEVITE CORP. 
37th & Perkins 
Cleveland 14, Ohio 


BUCHANAN + ee PRODUCTS CORP. 
Hillside, N. J. 


BURLING. INSTRUMENT CO 
16 River 
Chatham, N. J 


COLVIN LABORATORIES, INC 
360 Glenwood Ave 
East Orange. N. J 


COMPUTER-MEASUREMENTS CORP 
5528 Vineland Ave. 
North Hollywood, Calif 


CONAX CORP. 
2300 Walden Ave 
Buffalo 25, N. Y. 


CONOFLOW CORP. 
2100 Arch St. 
Philadelphia 3, Pa 

E. K. GRAHAM CO 
3102 Fall Street (P.O. Box 14015) 
Houston 21, Texas 

ERNIE GRAVES CO 
111 E. 14th St. 
Tulsa 19, Ok'a. 

HUDSON-RUSH CO. 
P. O. Box 11538 
Dallas 18, Texas 


CONSOLIDATED ELECTRODYNAMICS CORP. 
360 N. Sierra Madre Villa 
Pasadena, Calif. 


CONTINENTAL EQUIPMENT DIV. 
200 Main St. 
Coraopolis, Pa. 


CORBIN, JAMES ROY 
4410 Richmond Ave 
Houston, Texas 
4215 Graustark Ave. 
Houston, Texas 


CUSTOM SCIENTIFIC INSTRUMENTS, INC 
541 Devon Street 
Kearny, N. J 


DANIEL ORIFICE FITTING CO., INC 
9720 Katy Rd 
Houston 24, Texas 


DANNENBAUM, M. N., COMPANY 
2421 South Wayside Drive 
Houston 23, Texas 


DAVIS INSTRUMENTS 
47 Halleck St. 
Newark 4, N. J. 


DEMORNAY-BONARDI 
780 South Arroyo Parkway 
Pasadena, Calif. 


DIGITAL EQUIPMENT CORP 
Maynard, Mass 


EADS, THE RALPH CO. 

Pv. O. Box 13071 

Houston 19, Texas 
AUTOMATIC TIMING & CONTROLS, INC 
THE ESTERLINE ANGUS CO., INC. 
GPE CONTROLS, INC. 


EGGELHOF ENGINEERS, INC. 

1912 Hussion St. 

P. O. Box 1743 

Houston 1, Texas 
KUNKLE VALVE CO 
ROBERTSHAW-FULTON CONTROLS CO 
UNIFLOW VALVE CO. 


EDISON, THOMAS A., INDUSTRIES 
INSTRUMENT DIVISION 
McGRAW-EDISON CO 

51 Lakeside Drive 

West Orange, N.J. 


ELECTRONIC ASSOCIATES, INC 
Long Branch Ave 
Long Branch, N. Y. 


ENGINEERED ELECTRONICS CO 
506 East First St. 
Santa Ana, Calif. 


EMPIRE DEVICES PRODUCTS CORP 
37 Prospect St. 
Amsterdam, N. Y. 


ESCH AND ASSOCIATES, INC 
108 ote | 13 
Houston 11, 
PALMER THERMOMETERS, INC. 
TRIMOUNT INSTRUMENT CO. 


ESTERLINE ANGUS CO., INC., THE 
Box 596 
Indianapolis, Ind 


F & M SCIENTIFIC CORP 
1202 Arnold Ave 
New Castle, Del 


FILTERITE CORP 


FISCHER & PORTER CO 
County Line Rd. 
Hatboro. Pa. 


FIKE METAL PRODUCTS CORP., THE 
O. Box 38 
Blue Springs, Mo. 


FISHER GOVERNOR CO 
South Center yo 
Marshalltown, 

CONTINENTAL EQUIPMENT DIV 
00 Main St 
Coraopolis, Pa 


FOSTER ENGiNEERING DIV. 

GENERAL CONTROLS CO 
Werwick Industrial Park 
Warwick, R 


FOXBORO CO., THE 
Foxboro, Mass 


FRIDEN, INC 
2350 Washington Avenue 
San Leandro, California 


FULTON SYLPHON Div. 
ROBERTSHAW-FULTON CONTROLS CO 
P. O. Box 400 
Knoxville, Tenn 


GPE CONTROLS, INC. 
240 East Ontario St 
Chicago, Ill. 


GENERAL CONTROLS CO 
801 Allen Ave. 

Glendcle 1, Calif. 

AUTOMATION CONTROLS DIV 
8080 McCormick Blvd 
Skokie, III. 

FOSTER ENGINEERING DIV. 
Warwick Industrial Park 
Worwick, R. |. 

HAMMEL-DAHL DIV. 
Warwick 2 eee Park 
Warwick, R. 


GENERAL ELECTRIC CO. 
1 River R 
Schenectady LN. Y 


HOUSTON ISA SHOW EXHIBITORS 





GENERAL PRECISION, INC 
LIBRASCOPE DIV. 
808 Western Avenue 
Glendale 1, Calif 


GERBER SCIENTIFIC COMPANY, THE 
89 Spruce Street 
Hartford 1, Conn. 


GRAHAM, E. K., CO 
3102 Fall St. (P. O. Box 14015) 
Houston 21, Texas 


GRAVES, ERNIE CO 
111 E. 14th St. 
Tulsa 19, Okla 


GREENBRIER INSTRUMENTS, INC 
407 Monroe Ave 
Ronceverte, W. Va 


HAGAN CHEMICALS & CONTROLS, INC 
Hagan Bidg., Box 1346 
Pittsburgh 30, Pa. 


HALLIKAINEN INSTRUMENTS 
1341 Seventh St 
Berkeley 10, Colif 


HAMMEL-DAHL DIV. 

GENERAL CONTROLS CO 
Warwick Industrial Park 
Warwick, R 


HASTINGS-RAYDIST, INC 
Newcomb Ave 
Hampton, Va 


HAYS CORP., THE 
742 East 8th St 
Michigan City 46, Ind 


HELICOID GAGE Div 

AMERICAN CHAIN & CABLE CO., INC 
929 Connecticut Ave 
Bridgeport 2, Conn 


NULSSSRANDT ~~? rcrmae co., INC 
3538 West 12th St 
Houston 24, Texas 


HOT SPOT DETECTOR, INC 
214 Third St 


Des Moines 9, lowa 


HOUSTON INSTRUMENT CORP 
1717 Clay Avenue 
Houston 3, Texas 


HUDSON ENGINEERING CORP 
P. O. Box 6158 


Houston 6, Texas 


HUDSON-RUSH CO. 
P. O. Box 11538 
Dallas 18, Texas 


HUGHES PRODUCTS 
HUGHES AIRCRAFT CO 
Newport Beach, Calif 


IMPER'AL BRASS MFG. CO., THE 
6300 West Howard St 
Chicego 48, Ill 


nausea. INSTRUMENT CORP 
O. Drawer 777 
asin Texas 


INDUSTRIAL NUCLEONICS CORP 
650 Ackerman Rd. 
Columbus 12, Ohio 


INDUSTRIAL SCIENTIFIC, INC 
317 Nagle St. 
Houston 1, Texas 


INSTRON ENGINEERING CORP 
2500 Washington St 
Canton, Mass. 


INSTRUMENTS PUBLISHING CO., INC 
845 Ridge Ave. 
Pittsburgh 12, Pa 


ITEMCO, INC. 
ITEMLAB, INC. 
18 Beechwood Avenue 
Port Washington, N.Y. 


JACKSON, SAMUEL, MFG. CORP 
2518 Erskine St. 
P. O. Box 5007 
Lubbock, Texas 
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KEMCO, INC. PODBIELNIAK, INC EMPIRE DEVICES PRODUCTS CORP 
1618 West 6th St. 341 East Ohio St HUGHES PRODUCTS, HUGHES AIRCRAFT co. 
ES, a 


Irving, Texas Chicago 11, Ill. 


KIELEY & MUELLER, INC. PRECISION PRODUCTS, INC RUTHERFORD ELECTRONICS. ‘Co. 


64 Genung St. 530 South Quaker 


Middletown, N. Y 
» N.Y. Tulsa 2 
me oy, Cee STATHAM INSTRUMENTS, INC. 


12401 West Olympic Blvd. 
KINSEL EDWARDS CO. i 
2502 Robinhood RADIATION COUNTER LABS., INC. oe epee ey Sues. 
Houston, Texas 5121 W. Grove St. 
Skokie, III. STERLING PRECISION corp. 
Matinecock Ave. 
KUNKLE VALVE CO. 7 Port Washington, N. Y. 
Ft. Wayne, Ind. RADIATION ELECTRONICS COMPANY 
Division of Comptometer Corporation 
5600 W. Jarvis STOCKDALE, ROBERT B., 
LANDIS & GYR, INC. Chicago 48, Illinois ASSOC., 
45 West 45th St 3115 “Buffalo Dr. 
New York 36, N. Y Houston 19, Tex 
RAWSON & CO., INC. ' ATLANTIC PYROMETERS, INC. 
LAVOIE LABORATORIES, INC. 1223 Waugh Drive Se co. 
Matawan-Freehold Rd. Houston 19, Texas : 
Rt. 79 
Morganville, N. J. 
READ, THOMAS A. & CO. es _ we 
2301 Portsmouth Bristol Conn. 
LESLIE CO. Houston 6, Texas ‘ ‘ 
Grant Ave. 
Lyndhurst, N. J. SWARTWOUT CO., THE 
RESEARCH CONTROLS CO., THE 19st Euclid Ave. 
LIBRASCOPE DIV. ra a 
GENERAL PRECISION, INC. Veten, Gate. 
808 Western Ave. TAYLOR INSTRUMENT COMPANIES 


Glendale 1, Calif. 
— ROBERTSHAW-FULTON CONTROLS CO. 95 Ames St. 
Rochester 1, 


AERONAUTICAL & INSTRUMENT DIV. 
MASON-NEILAN —— ogy faa at Euclid Ave. 
Nahatan St. Anaheim, Cali 
Norwood, Mass. TECHNICAL SALES CORP. 
9 Van Rensselaer St. 


Buffalo 10, N. Y 
ROBERTSHAW-FULTON CONTROLS CO. a 
ren co. FULTON SYLPHON DIV 
MEN . P. O. Box 400 TECHNICON CONTROLS, INC. 
Gat ee A Knoxville, Tenn. Chauncey, N. Y. 


ROBINSON ORIFICE FITTING CO. OF TEXAS THERMO ELECTRIC CO., INC 
“—e oa Phe + ne pg co. ROBINSON ORIFICE FITTING CO 109 Fifth St. 
Pitts amine 8. P ok AVG. Box 17216 Saddle Brook, N. J 
ittsburg - Pa. Houston 31, Texas 


THOMPSON-RAMO-WOOLDRIDGE, INC. 


ROCKWELL MANUFACTURING CO 202 North Canon Drive 
4 Beverly H:lls, Calif. 


N. Lexington Avenue 
Pittsburgh 8, Pa. 


MINNEAPOLIS-HONEYWELL REG. CO. 
Wayne and Windrim Aves. 
Philadeiphia 44, Pa. 


MOORE, J. K., CO. TRIMOUNT INSTRUMENT CO. 
3113 Leeland Ave. 
ROTRON CONTROLS CORP. 
—- Woodstock, N. Y. TRINITY EQU! PMENT Corp. 
Cortland. N. 


MOORE PRODUCTS CO. 
Lycoming Streets RUSKA INSTRUMENT CORP. 
Philadelphia 24, Pa 6121 Hillcroft Ave. UNIFLOW VALVE CO. 
Houston 36, Texcs Cranford, N. J. 


MURPHY, FRANK W., 
MANUFACTURER, INC. 
» UNION SWITCH & SIGNAL 
S191 Sout Sheridan a og ~<a DIV. OF WESTINGHOUSE AIR BRAKE CO. 
S. Braddock Avenue 


Tulsa 5, Okla. 
Culver City, Calif. Pittsburgh 13, Pa. 


MOORE, SAMUEL, & co. 
DEKORON PRODUCTS DIV. r 
Main & Orchard Sts. ae. sting S$. GAUGE DIV. 
Mantua, Ohio a Rc AMERICAN MACHINE AND METALS, INC 
PARKER-HANNIFIN CORP. ey oe 


NEW HERMES ENGRAVING MACHINE CORP. 
154 West 14th St. UNITED STATES VALVE & ENGR. CO. 
New York 11, N. Y. SCAM INSTRUMENT CORP., THE P. O. Box 14015 
1811 W. Irving Park Rd. Houston 21, Texas 


NON-LINEAR SYSTEMS, INC. Clisoge, 
7 om Seer VAREC EQUIPMENT 
: i SCHACHT ELECTRONIC MFG. CO. 2820 North Alameda 
1213 St. Emanuel Compton, Calif. 
PALMER THERMOMETERS, INC. easton 4, Goan 
a an ot WALLACE & TIERNAN, INC. 
Cincinnati , io 25 Main St. 
SCHUTTE & KOERTING CO. Belleville 9, N.J. 
PANELLIT, INC. State Rd. 
eae” een dive. Comwetls Heights, Fe WELL LOGGING EQUIPMENT MFG. CO. 
3915 Tharp 
SOUTHWESTERN SALES & ENGINEERING OFF 
Suite 1300, Prudential Building SMITH, A. O., CORP. Houston 3, Texas 
Houston, Texas Smith-Erie Division 
sea sagner Avenue WEST INSTRUMENT CORP. 
rie 6, Pa. W. Montrose Ave. 
PARKER-HANNIFIN CORP. é ; 
17325 Euclid Ave. Chicago 41, Ill. 
Cleveland 12, Ohio SOUTHWESTERN INDUSTRIAL 
ELECTRONIC cs CO. WESTRONICS, INC. 
A DIV. OF DRESSER INDUSTRIES, INC. Cart St. 
ee Soe. we 10201 Westheimer Rd. Fort Worth 10, Texas 
an. dens. Houston 27, Texas 
JAMES ROY CORBIN WHEELCO INSTRUMENT DIV. 
Se owe SPEAIRS, MITCHELL CO. a YY ~ 4a 
4215 Graustark Ave. -_ Rag rie a Rockford, Ill. 
Houston, Texas BALLANTINE LABORATORIES, INC. 
BRUSH INSTRUMENTS sf WOMACK MACHINE SUPPLY CO. 
PIC DESIGN CORP. COLVIN LABORATORIES, INC. te OF HOUSTON 
477 Atlantic Ave. COMPUTER MEASUREMENTS CORP. 4111 Dennis St. 
East Rockaway, N. Y DEMORNAY-BONARDI - Houston 4, Texas 
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ACCELEROMETERS 


Statham Instruments, Inc. 


AIR COMPRESSORS 


American Instrument Co., Inc. 

Stockdale, Robert B., Asso., Inc. 

Womack Machine ‘Supply Co. of 
Houston : 


AIR DRYERS, FILTERS, CLEANERS 


Conoflow Corp 

Graham, E. K., Co. 
Graves, Ernie, Co. . 
Hudson-Rush Co. .... 
Kinsel Edwards Co. 

Mine Safety Appliances Co 


AIRCRAFT INSTRUMENTS 


Haystings-Raydist, Inc. 
Moore, K., Co sieves 
Thermo Electric Co., Inc. 
Thompson-Ramo- Wooldridge, Inc 
FE S. Gauge ne 

Wallace & Tiernan, ‘Ine. 


AIRCRAFT TEST EQUIPMENT 


Barton Instrument Corp. 

Daniel Orifice Fitting Co., Inc 
Kemco, Inc. . 

Thermo Electric Co., : WAS 
Thompson- -Ramo-Wooldridge, Inc 
Wallace & Tiernan, Inc 


ALARMS 


Bristol Co., The - 

Brooks Rotameter Co. 

Burling Instrument Co. 

Bendix Computer Division 

Edison, Thomas A., Industries 
Instrument Division 
McGraw-Edison Company 

Industrial Nucleonics “> 

Kinsel Edwards Co. 

Leslie Co. 

Mine Safety .. wee Co 

Moore, K., Co 

Panellit, Inc. 

Thermo Electric Co., Inc 


AMPLIFIERS 


Brush Instruments ... 
Engineered Electronics Co. . 
Hagan Chemicals & Controls, Inc 
Houston Instrument Corp 
Speairs, Mitchell, Co. ...... 
Statham Instruments, Inc. 
Thermo Electric Co., Inc. 


ANALYZERS, GAS & STREAM 


American Instrument Co., Inc 
Anemostat Corp. of America 
Barber-Colman Co. 

Beckman Instruments, Inc. 
Consolidated ~~" “rn emma Corp 
Davis Instruments 

F & M Scientific Corp. . 
Greenbrier Instruments, Inc 
Hallikainen Instruments 

Hays Corp., The . 

Houston Instrument Corp. 
Industrial Scientific, Inc. .. 
Mine Safety Appliances Co. 
Moore, Co 

Perkin-Elmer Corp., The 
Podbielniak, Inc. 

Technicon Controls, Inc. 

Well Logging Equipment Mfg. Co. 


ANALYZERS, PROCESS CHARACTERISTICS 


Consolidated Electrodynamics Corp 
Electronic Associates, Inc 
Greenbrier Instruments, Inc 
Hallaikainen Instruments 
Industrial Nucleonics Corp 
Industrial Scientific, Inc. 
Perkin-Elmer Corp., The 
Technicon Controls, Inc 


ANEMOMETERS 


Wallace & Tiernan, Inc 


ANNUNCIATORS 


Alpha Engineering Co 
Kinsel Edwards Co. 

Moore, J. K., Co. 

Panellit, Inc. .. 

Scam Instrument Corp., The 


AUTOMOTIVE TEST INSTRUMENTS 


Perkin-Elmer Corp., The 
Wallace & Tiernan, Inc 
BAROMETERS 
Bristol Co., The 
Wallace & Tiernan, Inc 
BATTERY CHARGERS 


Automatic Switch Co. (ASCO) 


BEARINGS 


Industrial Instrument Corp 
Landis & Gyr, Inc. 

PIC Design Corp. . 
Sterling Precision Corp 


BELLOWS 


Industrial Instrument Corp 
Sterling Precision Corp 


BTU METERS 


Hays Corp., The 


CABINETS AND CASES 


Kinsel Edwards Co. ... 


CABLE AND ASSEMBLIES 


Moore, Samuel, & Co. ... 
Wallace & Tiernan, Inc. 


CALIBRATING EQUIPMENT 


Barton Instrument Corp. 
Custom Scientific Instr., 
Hallikainen Instruments 
Lavoie Laboratories 

Radiation Electronics “aapeny 
Smith, A. O., Corp. . 

Speairs, Mitchell, ere 
Wallace & Tiernan, 


319 
235 
210 
139 
424 
206 
332 
229 


CHARTS & RECORD PAPER 


Bristol Co., The 

Moore Products Co 
Perkin-Elmer Corp., The 
Technical Sales Corp 


CHOPPERS & CURRENT BREAKERS 


Bristol Co., The 


CIRCUITS, PRINTED 


Engineered Electronics Co 


CLOCKS & CLOCK WORKS 


Bristol Co., The 
Panellit, Inc. .. 
Precision Products, Inc 
Rockwell Mfg. Co 


CLUTCHES AND BRAKES 


Kemco, Inc. 
Sterling Precision Corp 


COLORIMETERS 


Beckman Instruments, Inc 
Hallikainen Instruments 
Perkin-Elmer Corp., The 
Technicon Controls, Inc 


COMBUSTION INSTRUMENTS & CONTROLS 


Automation Controls—General Controls 410 


Bailey Meter Co. 


Foster Engineering—Genera! Controls 


General Controls Co 

Hagan Chemicals & Controls, Inc 
Hammel-Dahl—General Controls 
Industrial Scientific, Inc 
Perkin-Elmer Corp., The 

West Instrument Corp 


COMPUTER TEST EQUIPMENT 


Digital Equipment Corp 


COMPUTERS, ANALOG 


Electronic Aqgoutaten, Inc 
Foxboro Co., 


Southwestern Industrial Electronics Co 


COMPUTERS, CONTROL 


Digital Equipment Corp. 
Electronic Associates, Inc 

Hagan Chemicals & Controls, Inc 
Panellit, Inc. 


Southwestern Industrial Electronics Co. 


COMPUTERS, DIGITAL 


Bendix Computer Division 
Digital Equipment Corp 
Minneapolis-Honeywell Reg. Co 
Panellit, Inc. .. 
Thompson-Ramo- Wooldridge, Inc 
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COMPUTERS, SPECIAL PURPOSE 


Digital Equipment Corp. 
Electronic Associates, Inc. 
Taylor Instrument Companies 


CONDUCTIVITY INSTRUMENTS 


Custom Scientific Instr., Inc 
Foxboro Co., The .. 
Industrial Scientific, Inc. 
Moore, J. K., Co. 


CONNECTORS, PLUGS, JACKS, SOCKETS 


Buchanan Electrical Products Corp. 
Sterling Precision Corp. 5 
Suverior Electric Co., The 
Thermo Electric Co., Inc. 


CONTACTS 


Eads, The Raiph, Co. 
Wallace & Tiernan, Inc 


CONTROLLERS, ELECTRIC & ELECTRONIC 


Atlantic Pyrometers, Inc. 
Automatic Switch Co. (ASCO) 


323 
Automation Controls—Genera! Controls = 


Bailey Meter Co. 
Barber-Colman Co. 
Bristol Co., The 
Continental Equipment 
Eads, The Ralph, Co. 
Eggelhof Engineers, Inc 
Electronic Associates, Inc 
Fischer & Porter Co. 
Fisher Governor Co. 


Foster Engineering— General Controls 
a 


Foxboro Co., The 

General Controls Co. . 
Hagan Chemicals & Controls, Inc 
Hammel-Dah!l—General Controls 
Hastings-Raydist, Inc. 
Industrial Nucleonics Corp. 
Jackson, Samuel, Mfg. Corp 
Minneapolis-Honeywell Reg. Co. 
Murphy, Frank W., Mfgr., Inc 
Robertshaw-Fulton Controls Co. 


Southwestern Industrial Electro ics Co. 
2 


Stockdale, Robert B., Assoc., Inc 
Superior Electric Co., The 
Swartwout 

Taylor Instrument ‘Companies 
Thermo Electric Co., Inc. 
Wallace & Tiernan, Inc. 

West Instrument Corp 


CONTROLLERS, HYDRAULIC 


Eads, The Ralph, Co. 
Minneapolis-Honeywell Reg. Co 
Smith, A. O., Corp. 


CCNTROLLERS, MECHANICAL 


Bristol Co., The 

Continental Equipment 

Fisher Governor Co. 

Industrial Instrument Corp 
Mason-Neilan 
Minneapolis-Honeywell Reg. Co 
Smith, A. O., Corp. 

Taylor Instrument Companies 


CONTROLLERS, PNEUMATIC 


Bailey Meter Co 

Barton Instrument Corp 
Black, Sivalls and Bryson, Inc 
Bristol Co., The ; 
Continental Equipment 
Fischer & Porter Co 

Fisher Governor Co 

Foxboro Co., The 

Hudson Engineering Corp 
Industrial Instrument Corp 
Leslie Co 
Minneapolis-Honeywell Reg. Co 
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Moore Products Co. 

Smith, A. O., Corp. P 
Stockdale, Robert B., Assoc., 
Taylor Instrument Compan das 
U. S. Gauge .. ; 
Wallace & Tiernan, Inc. 


CONVERTERS, ANALOG TO DIGITAL 


Digital Equipment Corp. 
Electronic Associates, Inc 

Hagan Chemicals & Controls, Inc. 
Non-Linear Systems, Inc. . Pats am 
Speairs, Mitchell, Co. 


CONVERTERS, DIGITAL TO ANALOG 


Digital Equipment Corp 
Electronic Associates, Inc 


CONVERTERS, ELECTRIC 


Foxboro Co., The 


CONVEYOR CONTROLS 


Automatic Switch Co. (ASCO) 


COUNTERS 


Automation Controls—General Controls 
Computer-Measurements Corp. 

Digital Equipment Corp. 

Engineered Electronics Co 

Foster Engineering—Gener: ul Controls 
General Controls Co. 
Hammel-Dahl—General Controls 
Landis & Gyr, Inc 

Moore, J. K., Co. 

Smith, A. O., Corp. 

Speairs, Mitchell, Co 


CURRENT CONTROLLERS 


Conoflow Corp. 
Graham, E. K., Co. 
Graves, Ernie, Co. 
Hudson-Rush Co. 


CURRENT INSTRUMENTS 


Superior Electric Co., The 


DATA PROCESSING EQUIPMENT 


Bailey Meter Co. . 
Bendix Computer Division 
Digital Equipment Corp. 
Electronic Associates, Inc 
Friden, Inc. .. 

Gerber Scientific Company, The 
Hagan Chemicals & Controls, Inc 
Minneapolis-Honeywell Reg. Co. 
Panellit, Inc. . 

Southwestern Industrial Electronics Co 
Thompson-Ramo-Wooldridge, Inc 


DENSITY INSTRUMENTS 


Brooks Rotameter Co 
Foxboro Co., 

Industrial Nucleonics Corp 
Industrial Scientific, Inc 
Rawson & Co., Inc : 
Technicon Controls, Inc 
Thermo Electric Co., Inc. 


DIFFERENTIAL PRESSURE INSTRUMENTS 


Anderson, Greenwood & Co 
Bailey Meter Co. ; 
Barton Instrument Corp. 
Colvin Laboratories, Inc. ; 
Daniel Orifice Fitting Co., Inc 
Fischer & Porter Co. ee 
Foxboro Co., The 

Industrial Instrument Corp 
Leslie Co. 

Mason-Neilan ... — 
Murphy, Frank WwW. , Mfgr., Inc. 


410 
.340 


.307 


3C9 
410 

410 
410 
411 
231 
11¢€ 
340 


Robinson Orifice Fitting Co. of Texas.. 
Speairs, Mitchell, Co. 

Statham Instruments, Inc. 

Stockdale, Robert B., Assoc., 

Taylor Instrument Compa: nies 

Wallace & Tiernan, Inc. 


DIGITAL BUILDING BLOCKS 


Digital Equipment Corp. 


DIGITAL READOUTS 


Electronic Associates, Inc 
Friden, Inc. 

Non-Linear Systems, Inc 
Perkin-Elmer Corp., The 
Speairs, Mitchell, Co 
Union Switch & Signal 


DIODES 


Custom Scientific Instr., Inc 


DISPLACEMENT INSTRUMENTS 


Colvin Laboratories, Inc 
Continental Equipment 
Fisher Governor Co 
Speairs, Mitchell, Co. 
Wallace & Tiernan, Inc. 


DRIVES, VARIABLE SPEED 


Kemco, Inc 


ELECTRICAL METERS 


Eads, The Ralph, Co. 

Hagan Chemicals & Controls, Inc 
Hays Corp., The 

West Instrument Corp 


ENGINE TEST INSTRUMENTS 


Barton Instrument Corp 
Daniel Orifice Fitting Co., Inc 
Thermo Electric Co., Inc 
Wallace & Tiernan, Inc. 


ENVIRONMENTAL TEST EQUIPMENT 


Kemco, Inc 


FEEDERS 


Wallace & Tiernan, Inc. 


FITTINGS, PIPE & TUBE 


Conax Corp. 

Imperial Brass Mfg. Co., The 

Moore, Samuel, & Co. .. : 

Read, Thomas A., & Co 

Robinson Orifice Fitting Co. of Texas 
Sandelius, T. D., Co 2 


FLIGHT TEST INSTRUMENTS 


Colvin Laboratories, Inc. 
Speairs, Mitchell, Co. 
Statham Instruments, Inc 
Wallace & Tiernan, Inc 


FLOW METERING & CCNTROL 


Anderson, Greenwood & Co 305 
Automatic Switch Co. (ASCO) 323 
Automation Controls—General Controls 410 





Bailey Meter Co. .. 
Barton Instrument Corp 

Black, Sivalls and Bryson, Inc 
Bristol Co., The .. é 
Brodie, Ralph N., Co 

Brooks Rotameter Co 

Daniel Orifice Fitting Co., Inc. 
Eads, The Ralph, Co. . 
Fischer & Porter Co. 

Foster Engineering— General Controls 
Foxboro Co., The . 

General Controls Co 

General Electric Co. . 
Hammel-Dah!l—General Controls 
Hastings-Raydist, Ine. 
Industrial Instrument Corp 
Minneapolis-Honeywell Reg. Co 
Moore, J. K., Co. 

Rockwell Mfg. Co 


2 
Robinson Orifice Fitting Co. of Texas 
40 


Rotron Controls Corp 

Ruska Instrument Corp 
Schutte and Koerting Co 
Smith, A. O., Corp. 

Taylor Instrument Companies 
Technicon Controls, Inc 
Thermo Electric Co., Inc 
Union Switch & Signal 
Wallace & Tiernan, Inc 


FORCE MEASURING INSTRUMENTS 


Statham Instruments, Inc 

Thermo Electric Co., Inc 

Wallace & Tiernan, Inc 
FREQUENCY INSTRUMENTS 


Computer-Measurements Corp 

Eads, The Ralph, Co 

Kemco, Inc. 

Speairs, Mitchell, Co 

Thermo Electric Co., Inc 
GEAR ASSEMBLIES 


American Laubscher Corp 
PIC Design Corp 
Precision Products, Inc 
Sterling Precision Corp 


GENERATORS; PULSE SIGNAL, FREQUENCY, 
NOISE, SWEEP, DELAY, FUNCTION 


Electronic Associates, Inc 

Kemco, Inc 

Lavoie Laboratories 

Rutherford Electronics Co 

Smith, A. O., Corp 

Speairs, Mitchell, Co 
GEOPHYSICAL INSTRUMENTS 


Radiation Counter Laboratories, Inc 
oa. Mitchell, Co. 
Wallace & Tiernan, Inc 


GLASS, TUBING 


Pobdielniak, Inc 


HARDNESS TESTERS 
Precision Products, Inc 
Technicon Controls, Inc 
HARDWARE, ELECTRICAL 


Buchanan Electrical Products Corp 


HARDWARE, SPECIAL 


F & M Scientific Corp 


HEADS, READ & RECORD 


Houston Instrument Corp 


HUMIDITY INSTRUMENTS 


American Instrument Co., Inc 
Bristol Co., e 
Minneapolis- Honeywell Reg. Co 
Thermo Electric Co., Inc. 


INFRARED INSTRUMENTS 


Beckman Instruments, Inc. 
Perkin-Elmer Corp., The 


INTEGRATORS 


Brooks Rotameter Co. 
Electronic Associates, Inc 
Industrial Instrument Corp 
Perkin-Elmer Corp., The 
Rockwell Mfg. Co 


JEWELS, INSTRUMENT 


American Laubscher Corp 


KITS 


Imperial Brass Mfg. Co., The 
PIC Design Corp 


LABORATORY APPARATUS 


American Instrument Co., Inc 
Consolidated Electrodynamics Corp 
F & M Scientific Corp 

Industrial Scientific, Inc 

Instron Engineering Corp 

Kemco, Inc 

Perkin-Elmer Corp., The 
Podbielniak, Inc 

Superior Electric Co., The 
Technicon Controls, Inc 

Wallace & Tiernan, Inc 

Well Logging Equipment Mfg. Co 


LEAK DETECTORS 


Davis Instruments 
Mine Safety Appliances Co 
Perkin-Elmer Corp., The 


LEASE AUTOMATIC CONTROL PANELS 


Jackson, Samuel, Mfg. Corp 


LEVEL INSTRUMENTS 


Automation Controls—General Controls 
Barton Instrument Corp 

Black, Sivalls and Bryson, Inc 
Brooks Rotameter Co 
Continental Equipment 

Daniel Orifice Fitting Co., Inc 
Esch and Associates, Inc 

Fisher Governor Co 

Foster Engineering—General Controls 
General Controls Co. 
Hammel-Dahl—General Controls 
Industrial Instrument Corp 
Industrial Nucleonics Corp 
Industrial Scientific, Inc 

Kieley & Mueller, Inc. 

Leslie Co. 
Minneapolis-Honeywell Reg. Co 
furphy, Frank W., Mfgr., Inc 
Rawson & Co., Inc 

Sandelius, T. D., Co 

Stockdale, Robert B., Assoc., Inc 
Taylor Instrument Companies 
Thermo Electric Co., Inc 


LOAD INSTRUMENTS 


Eggelhof Engineers, Inc. 
Robertshaw-Fulton Controls Co. 
Statham Instruments, Inc 

Taylor Instrument Companies 
Thermo Electric Co., Inc. 
Wallace & Tiernan, Inc 


MACHINES, ENGRAVING 


New Hermes Engraving Machine Corp 


410 
446 
239 
220 
345 
331 
337 
345 
410 


MACHINES, METAL WORKING 


Custom Scientific Instr., Inc 


MACHINE TOOL CCNTROLS 


Friden, Inc 


MANIFOLDS, FLOW 


Anderson, Greenwood & Co 


MANOMETERS 


Statham Instruments, Inc 
Wallace & Tiernan, Inc 


MEMORY SYSTEMS 


Greenbrier Instruments, Inc 
Hughes Products, Hughes Aircraft 
Speairs, Mitchell, Co 


METEOROLOGICAL INSTRUMENTS 


Wallace & Tiernan, Inc 


MICROWAVE EQUIPMENT 


DeMornay-Bonardi 

Empire Devices Products Corp 
Kemco, Inc 

Speairs, Mitchell, Co 


MOISTURE INSTRUMENTS 


American Instrument Co., Inc 
Beckman Instruments, Inc 
Consolidated Electrodynamics Corp 
Mine Safety Appliances Co 
Minneapolis-Honeywell Reg. Co 
Technicon Controls, Inc 


MONITORS 


Automation Controls—General Controls 410 
Consolidated Electrodynamics Corp 319 
Edison, Thomas A., Industries 106 
Instrument Division 
McGraw-Edison Company 
Foster Engineering—General Controls. .410 
General Controls Co — 410 
Hammel-Dahl—General Controls 410 
McGraw-Edison Co., Instrument Div 341 
Technicon Controls, Inc 229 
Well Logging Equipment Mfg Co 233 
West Instrument Corp 336 


MOTOR CONTROLS 


Automatic Switch Co. (ASCO) 
Murphy, Frank W., Mfgr., Inc 
Smith, A. O., Corp 


MOTORS; ELECTRIC, AIR, HYDRAULIC 


Automation Controls—General Controls 410 
Foster Engineering—General Controls. .410 
General Controls Co 410 
Hammel-Dah!l—General Controls 410 
Superior Electric Co., The 438 
Womack Machine Supply Co. of 

Houston 110 


NAMEPLATES, DIALS, SCALES 


American Laubscher Corp 

Bristol Co., The 

New Hermes Engraving Machine Corp 
PIC Design Corp. 

Sterling Precision Corp 


NAVIGATIONAL INSTRUMENTS 


Hastings-Raydist, Inc 
Wallace & Tiernan, Inc 
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NUCLEAR DETECTION AND 
MEASURING INSTRUMENTS 


Industrial Nucleonics Corp. . 
Industrial Scientific, Inc. 


Radiation Counter Laboratories, Inc. es 


Wallace & Tiernan, Inc. 
Speairs, Mitchell, Co. ... 
Thompson-Ramo- Wooldridge, 


OPTICAL GOODS 


Custom Scientific Instr., Inc 
Perkin-Elmer Corp., The 
Technicon Controls, Inc. 


ORIFICES & COMPONENTS 


Daniel Orifice Fitting Co., Inc. .. 
Industrial Instrument Corp. 


24 
Robinson Orifice Fitting Co. of Texas 


OSCILLOGRAPHS & OSCILLOSCOPES 


Brush Instruments 
Hughes Products, pnees Aircraft 
Speairs, Mitchell, Co ; 


OVENS & FURNACES 


Kemco, Inc. 


PANELS 


Automatic Switch Co. ened 
Conoflow Corp. ... ; 
Eggelhof Engineers, Inc. 

Foxboro Co., The .. 

Graham, E.K., Co. 

Graves, Ernie, Co. 

Hudson-Rush Co. ....... ‘ 
Jackson, Samuel, Mfg. Corp. 
Murphy, Frank W., Mfgr., Inc. 
Panellit, Inc. .. ‘a OS ee 
Thermo Electric Co., Inc. 


PARTICLE ANALYZERS 
Mine Safety Appliances Co. 
Moore, J , “ee 


PARTS; MACHINED, MOLDED, CAST 


American Laubscher niet 
PIC Design Corp. : 
Precision Products, Inc. 


pH INSTRUMENTS 


American Instrument Co., Inc. 
Beckman Instruments, Inc. 
3ristol Co., The .... aor 
Foxboro Co., The ; a 
Industrial Nuc leonics Corp. 
Industrial Scientific, Inc. 
Technicon Controls, Inc. . 
Wallace & Tiernan, Inc. 
PHASE INSTRUMENTS 


Wallace & Tiernan, Inc. 


PHOTOELECTRIC INSTRUMENTS 


Technicon Controls, Inc. . 


PICKUPS 


Statham Instruments, Inc 
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PIPE, HOSE, COUPLINGS, ASSEMBLIES 


Anderson, Greenwood & Co. 
Imperial Brass Mfg. Co., The . 


PIPELINE CONTROL 


Union Switch & Signal 


PITOT VENTURI TUBES 


Moore, J. K., Co 


PLASTICS 


New Hermes Engraving Machine Corp. 


PLOTTING INSTRUMENTS 


Anemostat Corp. of America 
Bristol Co., The 
Electronic Associates, Inc. 


PORTABLE INSTRUMENTS 


Anemostat Corp. of America 


Automation Controls—General Controls 


Barton Instrument Corp. 
Bristol Co., The ne 

Brush Instruments 

Electronic Associates, Inc. 

Foster Engineering—General Controls. . 
Foxboro Co., The 

General Controls Co. 
Hammel-Dahl—General Controls 
Hildebrandt Engineering Co., Inc. 
Industrial Instrument Corp. ; 
Mine Safety Appliances Co. 
Perkin-Elmer Corp., The . 

Speairs, Mitchell, Co. 

Thermo Electric Co., 

U. S. Gauge 

Wallace & Tiernan, Inc. 

West Instrument Corp 


POTENTIOMETERS 


Automation Controls—General Controls 


Bristol Co., The 


Foster Engineering— General Controls. 


Foxboro Co., The 

General Controls Co. ... Sela 
Hagan Chemicals & Controls, Inc. 
Hammel-DahIl—General Controls 
Minneapolis-Honeywell Reg. Co. 
Taylor Instrument ee = 
West Instrument Corp. . ; 
Westronics, Inc. ‘ 


POWER SUPPLIES 


Electronic Associates, Inc. 

Moore, - 

Southwestern Industrial Electronics Co. 
Statham Instruments, Inc. 

Superior Electric Co., The 


PREAMPLIFIERS 


Radiation Electronics Company 


PRESSURE INDICATORS & RECORDERS 


Bailey Meter Co. . ; 
Black, Sivalls and Bryson, ‘Ine. . 
Barton Instrument Corp. 

Bristol Co., The .. 

Eads, The Ralph, Co. 

Edison, Thomas A., Industries 
Instrument Division 
McGraw-Edison Company 

Eggelhof Engineers, Inc. 

Foxboro Co., The 

Hastings-Raydist, 

Helicoid Gage .. 

Hildebrandt Engineering Co., 

Industrial Instrument Corp. 

Kunkle Valve Co. 

Minneapolis-Honeywell Reg. Co. 

Statham Instruments, Inc. 

Thermo Electric Co., Inc. 

U. S. Gauge 

Wallace & Tiernan, Inc. 

West Instrument Corp. 


PRESSURE REGULATORS 


Automation Controls—General Controls 

Black, Sivalls and Bryson, Inc. 

Bristol Co., The 

Conoflow Corp. 

Continental Equipment 

Eggelhof Engineers, Inc. 

Fisher Governor Co 

Foster Engineering —General | Controls. 

General Controls C 

Graham, Cc 

Graves, Ernie, "Co. 

Hammel- Dahl—General Controls 

Hudson-Rush Co 

Kieley & Muelier, Inc. 

Leslie Co. 

Minneapolis-Honeywell Reg. Co. 

Moore, bed 

Moore Products Co. 

Murphy, Frank W., Mfgr., Inc 

Ruska yy wy Corp. ie 

Smith, A. O., Co 

7 Sebert %., Assoc., Inc. . 
S. Gauge a 

Wallace & Tiernan, Inc 


PRINTERS 


Computer-Measurement Corp. 
Electronic Associates, Inc. 
Friden, Inc 

Speairs, Mitchell, Co 


PROGRAM DEVICES 


Automation 7}? > ype Controls 
Bailey Meter Co., 

Bristol Co., The . 

F&M Scientific Corp. 

Foster Engineering—General Controls. 
General Controls Company . 
Hammel-Dahl—General Controls 


PROJECTORS 


Gerber Scientific Company, The 


PULSATION DAMPENERS 


Hildebrandt Engineering Co., In 
Industrial Instrument Corp. ... 
Murphy, Frank W., venesied Inc. 
U. S. Gauge : 


PUMPS 


Ruska Instrument Corp. ... 

Wallace & Tiernan, Inc. 

Womack Machine Supply Co. 
of Houston : 


PYROMETERS 


Atlantic Pyrometers, Inc. 


410 
. -239 


410 
22 


Automation Controls—General Controls : 


Bailey Meter Co. 
Barber-Colman Co. 
Bristol Co., The .. 


Foster ¢---~y epee Controls. < 
1 


General Controls 

Hammel- Dahl_-Generai Controls 
Minneapolis-Honeywell Reg. Co. 

Radiation Electronics Company 

Stockdale, Robert B., Assoc., Inc. 
Thermo Electric Co., Inc. 

West Instrument Corp. 


RACKS, SUPPORTS, CHASSIS 


Imperial Brass Mfg. Co., The 
Moore, Samuel, & 
PIC Design Corp. 


READERS 


Friden, Inc. . 
Gerber Scientific Company, ‘The .. 
Kemco, Inc. > 





RECORDERS 


Automation Controls—General Controls 410 
Bailey Meter Co 223 
Barber-Colman Co. 

Barton Instrument Corp. 

Bristol Co., The 

Brush Instruments 

Eads, The Ralph Co. 

Electronic Associates, Inc. 
Esterline Angus Co., Inc., 

Fischer & Porter Co 

Foster Engineering—General Controls. 
Foxboro Co., The 

Friden, Inc. ... 

General Controls Co. 

General Electric Co. ... 

Gerber Scientific Company, The 
Hagan Chemicals & Controls, Inc. 
Hammel-Dah]l—General Controls . 
Hays Corp., The ... ; 
Hildebrandt Engineering Co., Inc 
Houston Instrument Corp. . 
Industrial Instrument Corp. 
Industrial Scientific, Inc. ....... 
Seen ee der a Agia Reg. Co 
Moore Products Co 

Panellit, Inc. 

Perkin-Elmer Corp., The 
Speairs, Mitchell, Co. 

Swartwout 

Taylor Instrument Companies 
Technicon Controls, Inc. ... 
Thermo Electric Co., Inc. 

as te GOOD 666 a0: - 
Wallace & Tiernan, ‘Inc. 

West Instrument Corp. 
Westronics, Inc. 


RECTIFIERS 


Wallace & Tiernan, Inc. 


REFRACTOMETERS 


Industrial Scientific, Inc. 
Mine Safety Appliances Co. 
Perkin-Elmer Corp., The . 


RELAYS 


Automatic Electric Co. 
Automatic Switch Co. (ASCO) 
Black, Sivalls and Bryson, Inc. 
Bristol Co., The , 
Engineered Electronics Co. 
Kemco, Inc. 

Moore, J. K., Co. ‘ 
Murphy. Frank W.. “Mfer.. Inc. 
Union Switch & Signal 


REMOTE CONTROL EQUIPMENT 


Bailey Meter Co. 

Bristol Co., The .. 
Conoflow Corp. .. 

Foxboro Co., The .. 
Graham, E. K., Co. 

Graves, Ernie, Co. 
Hudson-Rush Co. 

Kemco, Inc. 

Leslie Co. 

Minneapolis- or Seem Reg. 
Smith, A. O., 

Stockdale, Robert B., Assoc., 
Technicon Controls, Inc. 
Thermo Electric Co., Inc. 
Union Switch & Signal . 
Wallace & Tiernan, Inc. . 
West Instrument Corp. 


RESISTANCE INSTRUMENTS 


Edison, Thomas A., Industries 
Instrument Division 
McGraw-Edison Company 

Hallikainen Instruments ... 

West Instrument Corp 


ROTAMETERS 


Brooks Rotameter Co. 
Fischer & Porter Co. 
Schutte and Koerting Co. 


SAFETY VALVES AND HEADS 


Alpha Engineering Co. 
Anderson, Greenwood & Co. .. 


Automatic Switch Co. (ASCO) 
Black, Sivalls and Bryson, Inc. 
Daniel Orifice Fitting Co., Inc 
Eggelhof Engineers, Inc. . 
Fike Metal a Corp., The 
Kinsel Edwards Co. 

Kunkle Valve Co. 

Smith, A. O., Corp. 

Wallace & Tiernan. Inc. 


SCANNERS 


Hagan Chemicals & Controls, Inc 
Hot Spot Detector, Inc. 
McGraw-Edison Co., Instrument Div 
Minneapolis-Honeywell Reg. Co 
Panellit, Inc. , : 

Thermo Electric Co., Inc 

West Instrument Corp 


Bristol Co., The 
Conax Corp. 
Rawson & Co., Inc 


SEMICONDUCTORS 


Custom Scientific Instr., Inc 


SERVOS & COMPONENTS 


Sterling Precision Corp. 


SIMULATORS 


Electronic Associates, Inc. 
Hagan Chemicals & Controls, Inc 
Thermo Electric Co., Inc 


SOLENOIDS 


Automatic Switch Co. (ASCO) 


SOUND INSTRUMENTS 


Mine Safety Appliance Co 


SPECIFIC GRAVITY INSTRUMENTS 


Brooks Rotameter Co. .. 
Hallikainen Instruments 
Industrial Nucleonics Corp. 
Industrial oa, Inc. 
Moore, J. K.., 

Schutte and Koerting Co 


SPECTRUM ANALYZERS 


Beckman Instruments, Inc. 
Consolidated Electrodynamics Corp 
Perkin-Elmer Corp., The 
Technicon Controls, Inc. 


SPEED INSTRUMENTS 


Bristol Co., The 
Eads, The Ralph, Co 
Hastings-Raydist, Inc 


SPRINGS 


American Laubscher Corp 
Sterling Precision Corp 


STRAIN GAGE EQUIPMENT 


Statham Instruments, Inc 


SWITCHES, ELECTRIC 


Automatic Electric Co 
Automatic Switch Co. (ASCO) 


Automation Controls—Genera! Controls = 


Bristol Co., The ... 
Foster En ineering— General Controls = 
) 


General ontrols Co 

Hammel-Dahl—General Controls 410 
Schacht Electronic Mfg. Co 431 
Wallace & Tiernan, Inc 212 


SWITCHES, PRESSURE 


Automation Controls—General! Controls 410 
Bristol Co., The 320 
Colvin Laboratories, Inc. 340 
Foster Engineering—Genera! Controls. .410 
General Controls Co. 410 
Hammel-Dah]l—General! Controls 410 
Industrial Instrument Corp 245 
Murphy, Frank W., Mfer., Inc 435 
Speairs, Mitchell, Co 340 


SYNCHROS 


U. S. Gauge . 


SYSTEMS ENGINEERING 


Automatic Electric Co 

Electronic Associates, Inc 

Hagan Chemicals & Controls, Inc 

Hot Spot Detector, Inc 
Minneapolis-Honeywell Reg. Co 
Panellit, Inc 

Southwestern Industrial Electronics Co. 
Thermo Electric Co., Inc 2 
Union Switch & Signal 

Varec Equipment 


TACHOMETERS 


Bristol Co., The . 
Eads, The Ralph, Co 


TAPE, MAGNETIC 


Electronic Associates, Inc 
Thompson-Ramo-Wooldridge, Inc 


TELEMETERING EQUIPMENT 


Bristol Co., The 

Friden, Inc 

Smith, A. O., Corp 
Thompson-Ramo-Wooldridge, Inc 
Union Switch & Signal 


TELEVISION 


Thompson-Ramo-Wooldridge, Inc 


TEMPERATURE CONTROLLERS 


Atlantic Pyrometers, Inc. 
Automation Controls- -General Controls 
Bailey Meter Co. .. 

Black, Sivalls and Bryson, ‘Ine. 

Bristol Co., The . 

Burling Instrument Co. 

Edison, Thomas A., Industries 
Instrument Division 
McGraw-Edison Company 

Eggelhof Engineers, Inc 

F & M Scientific Corp 

Foster Engineering General Controls 

Foxboro Co., The 

General Controls Co 

Hagan Chemicals & Controls, Inc 

Hallikainen Instruments 

Hammel-Dah!l—General Controls 

Minneapolis-Honeywell Reg. Co 

Robertshaw-Fulton Controls Co 

Stockdale, Robert B., Assoc., Inc. 

Taylor Instrument Companies . 

Thermo Electric Co., Inc. ; 

U. S. Gauge 

West Instrument Corp. 


TERMINAL BLOCKS & STRIPS 


Buchanan Electrical Products Cop 
Thermo Electric Co., Inc 
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TESTING EQUIPMENT 


Custom Scientific Instr., Inc. 
Digital Equipment Corp. .. 
Imperial Brass Mfg. Co., The . 
Instron : ~ ppeees Corp. 
Itemco Inc. 

Itemlab Inc. 
Kemco, Inc. .... 
Technicon Controls, ‘Inc. ; 
Thompson-Ramo- -Wooldridge Inc. 
Wallace & Tiernan, Inc. ; 
Womack Machine neti Co. 

of Houston 


THERMOCOUPLES AND PROBES 


Bailey Meter Co. 
Barber-Colman Co. 

Bristol Co., 

Conax Corp. 

Custom Scientific Instr., Inc 
Minneapolis-Honeywell eo Co. 
Moore, J. K., Co. ... : 
Perkin-Elmer Corp., The 
Thermo Electric Co., Inc. 
Trinity Equipment Corp. 
West Instrument Corp. 


THERMOMETERS 


Atlantic Pyrometers, Inc. 

Bristol Co., The 

Edison, Thomas A., Industries 
Instrument Division 
McGraw-Edison Company 

Eggelhof Engineers, Inc. 

Esch and Associates, Inc. 
Industrial Scientific, Inc. ... 

mae Shard well Reg. ‘Co 

Moore, J. K.., 

Moore Release es: <, 

Radiation Electronics Company 

Taylor Instrument vepenee 

U. S. Gauge .... : 

West Instrument ‘Corp. 


109 
224 


408 
336 


THERMOSTATS & TEMPERATURE REGULATORS 


Automation Controls—General Controls 410 
320 


Bristol Co., The 
Burling Instrument ‘Co. 
Eggelhof Engineers, Inc. 


308 


a 
Foster Engineering— General Controls. ; 
4 


General Controls Co. . 
Hammel-Dah!—General Controls : 
Leslie Co ‘ 
Minneapolis- ‘Honeywell Reg Co. 
Moore, J. K., Co. . i 
Murphy, Frank W., Mfgr., Inc 
Robertshaw-Fulton Controls Co. 
Stockdale, Robert B., Assoc., Inc 


THERMOWELLS 


Barber-Colman Co. 

Bristol Co., The 

Conax Corp. . 

Industrial Instrument Corp. 
Minneapolis-Honeywell Reg Co. 
Rawson & Co., Inc. . 
Sandelius, T. D., Co. 

Thermo Electric Co., Inc. 
Trinity Equipment Corp. 


THICKNESS GAGES 


Industrial Nucleonics Corp 


TIMING DEVICES 


Automation Controls—General Controls 
Bristol Co., The 

Digital Equipment Corp 

Eads, The Ralph, Co 

Foster Engineering—General Controls 
General Controls Co 
Hammel-Dahl—General Controls 
Minneapolis-Honeywell Reg. Co 
Precision Products, Inc 


TOOLS 


Buchanan Electrical Products Corp 
Imperial Brass Mfg. Co., The 
Sterling Precision Corp 
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410 


.320 


307 
118 
410 
419 
410 
301 
409 


TORQUE INSTRUMENTS 


Wallace & Tiernan, Inc. . 


TOTALIZERS 


Bristol Co., The .... 
Computer- -Measurements Corp. ; 
Speairs, Mitchell, Co. ... : 


TRAINING AIDS 


Superior Electric Co., The 


TRANSDUCERS 


Bristol Co., The . 

Colvin Laboratories 
Mason-Neilan ....... 
Speairs, Mitchell, Co. ; 
Statham Instruments, Inc 
Thermo Electric Co., Inc. 


TRANSFORMERS, VOLTAGE 


Superior Electric Co., The 


TRANSMITTERS, FLOW 


Anderson, Greenwood & Co 
i ge a ee 
Brooks Rotameter Co. 
Fischer & Porter Co. 
Foxboro Co., The ....... 
Eads, The Ralph, Co 


Hafian Chemicals & Controls, Inc. 


Industrial Instrument Corp. 
Mason-Neilan 
Minneapolis-Honeywell Reg. ‘Co 
Schutte & Koerting Co. 

Smith, A. O., Corp. 

Swartwout 

U. S. Gauge 


TRANSMITTERS, LEVEL 


Bailey Meter Co. 

Conoflow Corp. . 
Continental Equipment 
Eads, The Ralph, Co 
Eegelhof Engineers, Inc. 
Fischer & Porter Co. 
Fisher Governor Co. 
Graham, E. K., Co. 
Graves, Ernie, Co. 
Hudson-Rush Co. .. 
Industrial Instrument Corp 
Minneapolis-Honeywell _— Co. 
Swartwout 

U. S. Gauge 


TRANSMITTERS, PRESSURE 


Bailey Meter Co 

Conoflow Corp. 

Continental Equipment 

Eads, The Ralph, Co 
Eggelhof Engineers, Inc 
Fischer & Porter Co. 

Fisher Governor Co. 

Foxboro Co., The 

Graham, E. K., Co. 

Graves, Ernie, Co. 
Hudson-Rush Co. . 

Industrial Instrument Corp. 
Mason-Neilan a 
Minneapolis- -Honeywell Reg. Co. 
Swartwout ‘ 
U. S. Gauge 


TRANSMITTERS, TEMPERATURE 


Bailey Meter Co. 

Eads, The Ralph, Co 
Eggelhof Engineers, Inc. 
Foxboro Co., The 


Hagan Chemicals & Controls, Inc. . 


Mason-Neilan 


McGraw-Edison Co., Instrument Div. 


Minneapolis-Honeywell Reg. Co 
Swartwout ; ; 
U. S. Gauge 


TRAPS, STEAM 


Daniel Orifice Fitting Co., Inc. 
Eggelhof Engineers, Inc. ...... 


TUBING, METAL 


American Instrument Co., Inc. 
Moore, J. K., Co. ... 
Moore, Samuel, & Co. 
Sandelius, T. D., Co 


TUBING PLASTIC 


Imperial Brass Mfg. Co., The 
Moore, Samuel, & Co. 


VACUUM INSTRUMENTS 


Annin Co., The ... 

Bristol Co., The .. 

Conoflow Corp. 

Graham, E. K., Co. 

Graves, Ernie, Co. .. 

Hastings-Raydist, Inc. 

Hudson-Rush Co. ...... 

Wallace & Tiernan, Inc : 

Womack Machine ey Co. 
of Houston 


VALVE OPERATORS 


Anderson, Greenwood & Co. 
Annin Co., The 
Automatic Switch Co. (ASCO) 
Automation Controls—General Controls 
Automotive Rubber Co. 
Bristol Co., The 
Conoflow Corp. 
Continental Equipment 
Eads, The Ralph Co. 
Fisher Governor Co. 
Foster Engineering—General Controls 
GPE Controls, Inc. 
General Controls Co. 
Graham, E. K., Co. 
Graves, Ernie, Co. , ‘ x 
Hammel- Dahl—General Controls 
Hudson-Rush Co. .. 
Kieley & Mueller, Inc. 
Leslie Co. . , : 
Minneapolis-Honeywell Reg. Co 
Rockwell Mfg. Co. . 
Stockdale, Robert B., Assoc., Inc. 
Swartwout..... : 
Taylor Instrument | Companies 
Womack Machine Supply Co 

of Houston 


VALVE POSITIONERS 


Automation Controls—General Controls 
Bailey Meter Co. 

Bristol Co., The 

Conoflow Corp. oe 

Continental Equipment 

Eads, The Ralph, Co. 

Fisher Governor Co. . -< 
Foster Engineering—Gener: ul C ontrols. 
General Controls Co. 41 
Graham, E. K., Co 

Graves, Ernie, Co. 
Hammer-Dahl- General Controls 
Hudson-Rush Co. 

Mason-Neilan a 
Minneapolis- -Honeywell Reg Co 
Rockwell Mfg. Co. . 

Taylor Instrument Companies 

J. S. Gage 


VALVES, ELECTRIC 


Annin Co., The .... . : 
Automatic Switch Co. (ASCO) .. 
Automation Controls—General Controls 4 
Bristol Co., The 7 eee 
Conoflow Corp. 

Continental Equipment 

Fisher Governor Co. i 
Foster Engineering— -General Controls 
General Controls Co. 

Graham, E. K., Co. 

Graves, Ernie, Co 
Hammel-Dahl—General Corirols 
Hudson-Rush Co. 
Minneapolis-Horeywell Reg 

Rawson & Co., Inc. . 

United States Valve & Engineering Co. 





VALVES, HYDRAULIC 


American Instrument Co., Inc. ‘wee 
Annin Co., The .335 
Automation Controis—General Controls 410 
Black, Sivalls and Bryson, Inc. .239 
Brodie, Ralph N., Co. 
Continental Equipment 
Fisher Governor Co. . 
Foster Engineering— General Controls 
General Controls Co. ... ..41 
Hammel-Dahl—General Controls 
Imperial Brass Mfg. Co., The .. 
a a dae. “eee Reg. Co. 
Moore, J. K., Co. ; 
Rawson & Co., Inc. 
Rockwell Mfg. Co. 
Smith, A. O., Corp 
United States Valve & Engineering Co. 
Womack Machine Supply Co. 

of Houston 


VALVES, MANUAL 


American Instrument Co., Inc 218 
Anderson, Greenwood & Co .305 
Annin Co., The . .335 
Automation Controls—General Controls 410 
Automotive Rubber Co. . 238 
Brodie, Ralph N., Co. pee 
Conoflow Corp. 
Daniel Orifice Fitting Co., Inc 
Foster Engineering— General Controls. . 
General Controls Co. 41 
Graham, E. K., Co. 
Graves, Ernie, Co. 
Hammel-Dah!l—General Controls 
Hudson-Rush Co. .. 
Imperial Brass Mfg. Co., The 
Minneapolis-Honeywell Reg Co 
Moore, J. K., Co. 
Rawson & Co., Inc. 
Read, Thomas A., & Co 
Robinson Orifice Fitting Co. of Texas 
Rockwell Mfg. Co 
Ruska Instrument Corp. 
Stockdale, Robert B., Assoc., Inc ‘ 
United States Valve & Engineering Co 
Womack Machine Supply Co 

of Houston 


VALVES, MINIATURE 


Annin Co., The 

Automatic Switch Co. (ASCO) 

Minneapolis-Honeywell Reg. Co 

Sandelius, T. D., Co 

Womack Machine Sentry | Co 
of Houston 


VALVES, PNEUMATIC 


Alpha Engineering Co. .. 
American Instrument Co., Inc. 
Anderson, Greenwood & Co 
Annin Co., The * 
Automatic Switch Co. (ASCO) 
Automation Controls—General Controls 
Bailey Meter Co. 6 5 
Black, Sivalls and Bryson, Inc 
Bristol Co., The 
Brodie, Ralph N., Co. 
Conoflow Corp. . 
Continental Equipment 
Eggelhof Engineers, Inc. 
Fisher Governor Co 
Foster Engineering— General Controls 
General Controls Co. .. 
Graham, E. K., Co. 
Graves, Ernie, Co. ee 
Hammel-Dahl—General Controls 
Hudson-Rush Co. , ‘ 
Imperial Brass Mfg. Co. The 
Kieley & Mueller, Inc. ... 

Leslie Co. 
Mason-Neilan .. ; 
Minneapolis- Honeywell Reg. Co 
Rawson & Co., Inc 
Research Controls Co., The 
Rockwell Mfg. Co. .. 
Smith, A. O., Corp. 
Stockdale, Robert B., Assoc., Inc. 
Taylor instrument Companies 
Uniflow Valve Co. .< 
United States Valve & Engineering Co. 
Womack Machine Supply Co. 

of Houston 


VALVES, RELIEF 


American Instrument Co., Inc 
Anderson, Greenwood & Co. 


Automatic Switch Co. (ASCO) 
Black, Sivalls and me, Inc. 
Brodie, — 
Conoflow Cor 
Graham, E. 
Graves, Ernie, Co. 
Hudson-Rush Co. 
Minneapolis-Honeywell Reg. Co. . 
Moore, J. K., Co am 
Rockwell Mfg. Co. 
Smith, A. O., Co 
Womack bieches "suppiy Co. 

of Houston 


VALVES, SOLENOID 


Automatic Switch Co. (ASCO) 
Automation Controls—General Controls 
Brodie, Ralph N., Co. . 
Foster Engineering— General Controls 
General Controls Co. 
Hammel-Dahl—General Controls 
Minneapolis-Honeywell Reg. Co. 
Womack Machine Supply Co 

of Houston 


VIBRATION INSTRUMENTS 


Eggelhof Engineers, Inc. 
Robertshaw-Fulton Controls Co. 
Southwestern Industrial Electronics Co. 
Womack Machine Supply Co. 

of Houston 


VISCOSITY INSTRUMENTS 


Dannenbaum, M. N. Co. 
Hallikainen Instruments 
Rawson & Co., Inc. : 
Thermo Electric Co., Inc. 


VOLTAGE INSTRUMENTS 


Ballantine Laboratories, Inc. 
Bristol Co., The sanwae 
Hays Corp., The a 
Non-Linear Systems, Inc. 


Southwestern Industrial Electronics Co. 
Speairs, Mitchell, Co. 3 
Superior Electric Co., The 
West Instrument Corp. 
Westronics, Inc. 


WATER ANALYSIS INSTRUMENTS 
Technicon Controls, Inc. 
Wallace & Tiernan, Inc. 
WEIGHING SCALES AND INSTRUMENTS 


Wallace & Tiernan, Inc 


WIND TUNNEL INSTRUMENTS 


Hagan Chemicals & Controls, Inc 
Wallace & Tiernan, Inc 


WIRE 


Moore, J. K., Co. 
Moore, Samuel, & Co 
Thermo Electric Co., Inc 


X-Y RECORDERS & READERS 


Bristol Co., The ; 
Electronic Associates, Inc. 

Gerber Scientific Company, The 
Hughes Products, Hughes Aircraft 
Instron Engineering Corp. .. 
Speairs, Mitchell, Co. 


ZENER DIODES 


Hagan Chemicals & Controls, Inc 
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SOCIETY NEWS 





ISA Launches Transducer Compendium 


ISA has begun work on one of its 
most ambitious and important pro- 
jects to date — the compilation and 
publication of a Transducer Com- 
pendium containing information on 
thousands of transducers used in 
modern instrumentation. 


When published in 1961, the Com- 
pendium will provide the industry 
for the first time with a single 
source of comprehensive, up-to-date 
information on all known transduc- 
ers in industry, medicine, biology, 
military applications, etc. This will 
save untold hours of design and 
research time in government, science 
and industry. 

Working through ISA’s Primary 
Elements Committee, a _ special 
Transducer Committee is assembling 
and readying for publication infor- 
mation on all transducers described 
in the literature and those com- 
mercially available, both foreign 
and domestic. A _ bibliography of 
manufacturers of transducers will 
be kept continuously up-to-date, 
and periodic publication of revised 
editions is planned. This informa- 
tion will eventually be entered in- 
to information retrieval systems, 
making it possible for engineers to 
rapidly determine the availability 
of a transducer having specific char- 
acteristics. 

The growth of the application of 
transducers is one of the most phe- 
nomenal aspects of modern instru- 
mentation. The number of such 
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devices and their applications are 
increasing at a rate beyond the ca- 
pacity of any indviidual to be fam- 
iliar with all of them, even in a 
specialized field. Information on 
transducer capabilities and perfor- 
mance is scattered throughout a 
variety of scientific and technical 
journals, trade publications and 
commercial advertisements. 

This information is not readily 
available to the scientific investi- 
gator, researcher, engineer or de- 
signer, a fact which has tended to 
slow the pace of technical progress 
in a number of fields and frequently 
has been the cause of time wasted in 
the design of a new transducer al- 
ready available in another field. 

The Instrument Society of Amer- 
ica has long been aware of this 
problem, and for the past two years 
the Primary Elements Committee, 
under the chairmanship of M. E. 
Stickney, Beckman Instruments, has 
been planning a comprehensive at- 
tack on it. The result of this plan- 
ning is the Transducer Compendium. 

The project is under the direction 
of a distinguished committee of 
scientists and engineers long asso- 
ciated with instrumentation and 
transducer application. 

The chairman is Dr. Car] Berkley, 
Research Associate, Rockefeller In- 
stitute, who will be responsible for 
photoelectric and optical transdu- 
cers. Vice-chairman is C. M. Bos- 
worth, instrumentation engineer, 
Joseph E. Seagram & Sons, Inc., who 


On a recent visit to 
Convair-Fort Worth, 
ISA President Jack 
Johnston (center) 
viewed some of the 
instrumentation used 
in the test program 
of the Convair B-58 
Mach 2 bomber. 
Demonstrating the 
equipment are E. R. 
Evans (1.) and W. Jj. 
Gabriel (r.), both with 
Convair-Fort Worth’s 
instrumentation group. 


will be responsible for pneumatic 
and hydraulic transducers. 

Other committee members and 
their areas of responsibility for par- 
ticular transducers are: 

W. A. Wildhack, Chief, and J. 
Stern, physicist, Office of Basic 
Instrumentation, National Bureau of 
Standards: general, coding, accel- 
erometers. 

J. H. Heller, director of the 
New England Institute for Medical 
Research: medical, biological. 

H. C. Roberts, research profes- 
sor, University of Illinois: mech- 
anical. 

J. E. Jacobs, manager, Advanced 
Development, General Electric X- 
Ray Department: radiation. 

N. Serotta, section head, Trans- 
ducer Design, Raytheon Company: 
ultrasonic. 

Harold Berger, physicist, Battelle 
Memorial Institute: optical. 

Both manufacturers and users of 
transducers are invited to submit 
information on devices used or made 
by their organizations to the Trans- 
ducer Committee, Instrument So- 
ciety of America 313 Sixth Avenue, 
Pittsburgh 22, Pa. Please be sure 
that your material bears the prom- 
inent notation on letters or on the 
top page of r-* eleases: Atten- 
tion: Transduc Committee. 

Coordination «. this project, in- 
cluding editoriai and _ production 
activities, is unde, the direction of 
Charles W. Covey, Editor, ISA 
Journal. 


Campaign Planned 


Paso del Norte Section plans to 
launch a telephone campaign among 
local registered professional engi- 
neers. All PE’s in the area will be 
contacted to check if they are re- 
ceiving announcements of Section 
meetings. Other engineering soci- 
ties will be invited to attend ISA 
meetings which are of interest to 
them. This “personal touch” could 
result in membership gains for Paso 
del Norte. 


This section is also 
a proposal to provide counsellors 
and advisors for the High School 
Science and Mathematics Seminar 
which has been active for more than 
a year. 


considering 





Don Mitchell Named New York Host Committee Chairman 


Prominent electronics industry 
executive Don G. Mitchell has 
been named general chairman of 
the Host Committee for ISA’s 15th 
Annual Conference and Exhibit in 
New York City, September 26 
through 30, 1960. 


Mr. Mitchell, who is president of 
the General Telephone and Elect- 
ronics Corp., and chairman of the 
board of Sylvania Electric Products, 
also will speak at the Annual Ban- 
quet on Wednesday, September 28 


One of the industry’s leading 
authorities on corporate organiza- 
tion and policies, he heads the 
country’s second largest telephone 
system which provides service in 
parts of 31 states and manufactures 
a wide range of telephone equip- 
ment and devices. 


Born in Bayonne, N. J., he at- 
tended the University of Cincinnati 
for two years, studying mechanical 
engineering, and the University of 
Florida for two years, specializing 
in mathematics. 


Seventeen years ago, Mr. Mitchell 
joined Sylvania as vice-president 
in charge of sales. Upon the merger 
of Sylvania into General Telephone 
in March, 1959, he was elected pres- 
ident and a director of the corpor- 
ation. 


Data Logger Boom? 


What happened to the data logger 
boom promised three years ago? 
What have been the results of put- 
ting computers into the control loop? 
Cost? Profits? The future of com- 
puters? 

These are some of the questions 
to be answered at a panel discussion 
on “Up-Dating Data Loggers and 
Computers,” Wednesday, January 20, 
at 7 p.m., at the Engineer’s Club in 
Philadelphia. 

The Philadelphia Section is spon- 
soring this discussion by a distin- 
guished panel of experts including 
Grant Russell, Monsanto Chemical 
Co., Dan Neury, Bendix Corpora- 
tion, Phil Fleming, E. I. du Pont 
de Nemours & Co., Inc., and Chalmer 
Jones, Daystrom. The moderator 
will be Stanley Knoblock, Panellit 
Corp. 

For further information, contact 
S. D. Ross, Program Chairman, Phil- 
adelphia-ISA, c/o Harris D. McKin- 
ney, Inc., 12 S. 12th St., Philadelphia, 
Pa. 


Don G. Mitchell 
President 
General Telephone and 
Electronics Corporation; 
Chairman of the Board 


Sylvania Electric Products, Inc. 


Frequently sought as an adviso! 
by government bodies, he was ap- 
pointed advisor on electronics to the 
Under Secretary of Air at the start 
of the defense program which fol- 
lowed the outbreak of the Korean 
War. He was chairman of a Marshall 
Plan advisory group, served as a 
member of the National Distribution 
Council, and as a member of the 
Advisory Council to the Senate 
Committee on Trade Policies. 

A leader in industry association 
work, Mr. Mitchell is Chairman of 
the Board of Directors of the Amer- 
ican Management Association and its 
international affiliate, the Inter- 
national Management Association. 
He has been a director of the Nation- 
al Association of Manufacturers, 
National Electrical Manufacturers 
Association and National Sales Exec- 
utives, and at present is a trustee 
of the Committee for Economic Dev- 
elopment. 

In December, 1953, Mr. Mitchell 
was named a member of the Hoover 
Commission task force, appointed to 
study the Government’s Civil Ser- 
vice program and other personnel 
responsibilities. 

Mr. Mitchell holds honorary de- 
grees from Northeastern University, 
Parson’s College, Rensselaer Poly- 
technic Institute, Stevens Institute 
of Technology, Middlebury College 
and the University of Cincinnati. 


industrial Control Course Set 


Once again the new Jersey Sec- 
tion will cooperate with the Newark 
College of Engineering in offering 
a special course in fundamentals of 
industrial control. Set to begin this 
month, the course is designed to 
teach the basic concepts of auto- 
matic control theory, with an in- 
troduction to the control instrumen- 
tation that is commercially avail- 
able. 

Major topics include terminology 
and definitions, modes and mechan- 
isms of control, final control ele- 
ments, specialized controllers, and 
advanced concepts. The course is 
designed for instrument technicians, 
foremen, supervisors, engineering 
graduate and undergraduate stu- 
dents who have not had formal in- 
stumentation courses. 


ISAman Bob Skrokov is again in- 
structing. More information on the 
course is available from the Spe- 
cial Courses Division, Newark Col- 
lege of Engineering, 323 High Street, 
Newark 2, N. J. 


In other New Jersey Section news, 
a talk given there recently by C. 
J. Swartwout, vice-president of en- 
gineering for the Swartwout Co., on 
circuit design versus _ reliability, 
brought out the interesting side- 
light that solid state circuits are 
not always the best answer. He 
noted that in some cases solid state 
circuits require many more compon- 
ents, and that often these compon- 
ents have a high maintenance his- 
tory — in both cases, conventional 
tubes can prove more reliable than 
solid state. 


At the January meeting, members 
will learn about “Consistency and 
Its Measurement.” J. E. Overall, 
pulp and paper industry manager for 
Fischer and Porter, will discuss con- 
sistency primarily as it applies to 
paper stock — what it is, how it 
is measured, and where it is used in 
paper mills. In contrast, he will 
discuss briefly consistency as it is 
defined and applied in the food 
industry. 
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OPPORTUNITIES 
and 
RESPONSIBILITIES 


by John Johnston, Jr. 
(E. I. du Pont de Nemours & Co.) 
President, Instrument Society of America 


The value of membership in the Instrument Society of 
America lies in the enthusiasm and energy that is deep- 
ly rooted in our common interest — instrumentation. We 
have preserved this spirit because we have not delegated 
the conduct of our affairs so completely to a professional 
staff that each member can afford to sit back and wait 
to see what he gets for his dues. I hope that wé never 
relinquish this responsibility, even though I know that 
we must assign more and more of the operational func- 
tion to our paid staff, simply because we are rapidly 
growing in number, size and scope. 


Speaking as one of many thousands of ISA members, 
I am deeply inspired by the rapid pace with which 
Society events are compounding one atop the other. It 
is difficult to properly appreciate the multiplicity of 
projects, each with its own kaleidoscope of interesting 
facets, taking shape within the confines of ISA accom- 
plishments — an organization where the committee rost- 
er reflects a high percentage of actively working mem- 
bers. 

Of all the reasons for being a member of ISA, the 
participation of an individual member in Society affairs 
is one of the most important and basic reasons. Through 
membership in ISA, we are not only closely identified 
with, but make a personal contribution to the progress 
of instrumentation. Through ISA, the individual makes 
an identifiable contribution to the technological ad- 
vancement of our entire Society. 

No energetic, progressive, intelligent practitioner 
wants to be identified with an organization that is not 
recognized as a highly respected and universally accept- 
ed authority in its field. Such an intamgible quality as 
“authority” is difficult to measure, but the strongest 
sensation of its existence can be experienced when you 
consider the goals and purpose of our many committee 
projects. They are carried out by purposeful workers 
who quietly and confidently compare notes, offer ideas, 
accept responsibility, and commit themselves and their 
associates to an almost endless series of obligations in 
the achievement of their objectives. 

Typical of the committee operations are such activ- 
ities as developing program content of our future sym- 
posia and conferences, hammering out a policy for the 
guidance of Society committees interested in conducting 
research, establishing rules for conducting Society busi- 
ness on a financially sound basis, getting the machinery 
underway for publication of a 300-page compendium on 
transducer characteristics, settling on the final draft of 
a new instrumentation standard, revising and revitaliz- 
ing the method of dealing with technician training pro- 
grams, organizing a campaign for incorporating the 
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essentials of measurement and control science more 
effectively into college curricula. And so it goes — with 
many, Many more instances of such work than there 
is space to recite. 


In addition to the personal satisfaction that comes 
through contributions to one’s profession, are the per- 
sonal benefits as a result of participation. I refer to the 
specific and very real professional advancement that 
you can gain through ISA membership. The very fact 
that you belong to a group which is dedicated to the 
advancement of instrumentation is proof to your em- 
ployer that you are interested in more than just getting 
your work done; you want to do it better, more effi- 
ciently, more economically. This positive attitude toward 
your profession always brings personal improvement. 

In a field where growth and change are constant, an 
up-to-date knowledge of instrumentation becomes a 
matter of professional survival. ISA membership brings 
you into contact with men in your own area of instru- 
mentation — men with ideas you can use, solutions to 
to problems that trouble you, men you can work and 
talk with to solve your common problems. Equally as 
important, ISA membership brings you into contact with 
men working in other areas of instrumentation, an as- 
sociation that gives you new ideas, broadens your know]l- 
edge, and opens new avenues to the basic problems of 
measurement anc control. The fruitful interplay of ideas 
at meetings, conferences, symposia, clinics, and work- 
shops is a very real benefit of ISA membership. 

Through the many Society publications, we have the 
opportunity both to gain knowledge and to put forth 
our own ideas, to assist in putting into useful form the 
thoughts and ideas of others —vin short, to make our 
voices heard. All these factors are reasons why I strong- 
ly urge you to retain your membership in ISA or, if you 
are not a member, to apply for membership in the So- 
ciety. 

As a member and as an officer, I look upon member- 
ship in ISA as a unique association. It involves more 
than mere attendance at monthly or yearly meetings, 
more than receiving or referring to the technical jour- 
nals, more than acceptance of responsibility as an officer 
in ISA affairs. It has to be more than these. To me, it 
is an opportunity to work closely with the one exclusive 
group of people in this world whose respect I revere 
most. It is the opportunity to ally myself with others 
in one of the broadest possible areas of technical inter- 
est — one that penetrates the many facets of our most 
interesting galaxy of industrial and scientific operations. 


When I consider the opportunities for service and the 
professional benefits which the Society affords, I am 
convinced that any member who is seriously concerned 
with his own professional advancement and the future 
of instrumentation will not hesitate to renew his mem- 
bership in the Instrument Society of America. 
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With the purposeful look of a boy who 
means to grow up to become an instru- 
ment engineer, 4-year-old Mark Thomas 
cuts the ribbon to open the Instrumen- 
tation and Automation Exhibit sponsor- 
ed recently by Central Keystone Section. 
Mark is the son of John Thomas, co- 
chairman, with R. GC. Spangler, of the 
Exhibit. Looking on are Charles A. Kohr 
(1.) District 11 Vice-President, and Charles 
Anderman (r.) Section President. The 
Exhibit was one of the most successful 
ever sponsored by the Section, and re- 
ceived excellent coverage in the local 
press, radio and TV. More than 100 
manufacturers of process control equip- 
ment exhibited their latest products. 


SCIENCE SUPPORT — Connecticut 
Valley Section plans to continue its 
active support of both regional and 
national science fairs. Last year, 
this Section judged exhibits and 
gave prizes to Science Fair entries 
which were outstanding in the fields 
of measurement, control, and data 
handling. An expanded program has 
been approved for this year. 

In other Section news — Connect- 
icut Valley members plan to tour 
the Atomic Sub Base at Groton, 
Conn. . Meeting time has been 
changed to the second Wednesday 
of the month (except June, July and 
August) at the Indian Hill Country 
Club, Newington, Conn. Social hour 
at 5:45, dinner at 6:45 and meeting 
at 8 p.m... . New officers are Rob- 
ert Hammerschlag, president; L. 
Schaefer, vice-president; E. Nik- 
stenas, secretary; W. C. Virbila, as- 
sistant secretary and M. Scioscio, 
treasurer. 


5-4-3-2-1-FIRE! The count down 
procedure leading to the launching 
of an ICBM or satellite-carrying 
missile was described by Thomas 
Zannes, Chief Test Conductor, Mis- 
sile Static Test Site, Convair-Astro- 
nautics, at the December meeting of 
the Los Angeles Section. Later, 
members saw a sound-color movie 
of the actual launching of a satellite- 
carrying Atlas missile. 


Notice of Nominating Committee Meeting 


(1) The National Nominating Com- 
mittee will meet Saturday, March 
19, 1960, at the Hotel New York- 
er, New York City, at 9:30 a.m. 
On the above date, the National 
Nominating Committee will meet 
to nominate a President-Elect- 
Secretary, Vice-President - Tech- 
nical Department, Vice-President- 
Standards and Practices Depart- 
ment, Treasurer, Nominee-elect 
Vice-President - Industry Depart- 
ment to take office November 1, 
1961, and Nominee-elect Vice- 
President-General Relations De- 
partment to take office November 
1, 1961. 

During the morning session, start- 
ing at 9:30, time will be alloted to 
members of the Society who wish to 
appear before the Nominating Com- 
mittee in behalf of any candidate, 
for any of the vacant offices, whose 
name has been submitted through 
your District’s Nominator prior to 
March 1, 1960 (see list below). 

The Nominating Committee wel- 
comes suggestions and help from 
the membership in selecting men 
for these offices who: 

(a) they deem deserving of the 
high honor of National office; 

(b) are capable of fulfilling the 
heavy duties thereof; 


(c) most likely will uphold and 
carry forward the ideas, policies 
and traditions of ISA. 

(2) We invite all members to sub- 
mit names for possible candidates 
for the above offices by March l, 
1960. These names must be submit- 
ted to your District’s Nominator, 
and must be submitted by the 
deadline date in order that they 
may be in the hands of the entire 
National Nominating Committee 
well in advance of the Nominating 
Meeting. 

(3) If you cannot appear at the 
meeting in person, we welcome 
any background material which 
you feel might be of help to the 
Nominator of your District. You 
may supply this information to 
him by mail or in person. 

(4) At 12:00 Noon, the open session 
will terminate and immediately 
after lunch the Nominating Com- 
mittee will retire to a _ closed 
meeting to select candidates. The 
names of the candidates selected 
will be announced in the July is- 
sue, ISA Journal. 


J.T. Volibrecht 
Chairman 
National Nominating Committee 


Nominating Committee for 1960 


Nominators-at-large: J. T. Voll- 
brecht, Chairman, Energy Con- 
trol Co., 5 Beekman St., N. Y. 
28, N. Y. 

R. J. Jeffries, Vice - Chairman, 
Data - Control Systems, Inc. 39 
Rose St., Danbury, Conn. 

R. T. Sheen, Past Chairman, Mil- 
ton Roy Co., 1300 E. Mermaid, 
Philadelphia 18, Pa. 

District I Nominator: Fred L. Crab- 
be, 25 Stony Brook Rd., Tenafly, 
N. J. Alternate: Owen C. Jones, 
P. O. Box 151, Wellesley Hills 82, 
Massachusetts. 

District II Nominator: Vernon E. 
Benjamin, Code 238, Taylor Model 
Basin, Washington 7, D. C. Al- 
ternate.: Philip M. Fleming, 6 Van 
Dyck Dr., Wilmington 3, Del. 

District III Nominator: Earl M. Sea- 
grave, Jr., 811 Hillside Ave., 
Charlotte 9, N. C. Alternate: Har- 
old E. Crider, 452 Woodbine Dr., 
Pensacola, Fla. 

District IV Nominator: M. S. Jacobs, 
810 Noblestown Rd., Pittsburgh 5, 
Pa. Alternate: Orvis R. Lawrence, 
4446 Main St., Buffalo 26, N.Y. 

District V Nominator: Robert A. 
Scheffer, 613 Maple Drive, Cin- 
cinnati 15, Ohio. Alternate: Gor- 
don D. Carnegie, King Instrument 


Co., P. O. Box 7283, Cleveland 29, 
Ohio. 

District VI Nominator: Ronald R. 
Proctor, 340 Hilkert Court, Crys- 
tal Lake, Ill. Alternate: George 
W. Sayer, 746 Builders Exchange, 
Minneapolis 2, Minn. 

District VII Nominator: Thomas L. 
McCoy, Jr., 448 Palmetto St., Cor- 
pus Christi, Texas. Alternate: E 
R. Evans, 3425 Cloer Dr., Fort 
Worth, Texas. 

District VIII Nominator: E. L. Dee- 
ter, 1814 Ross Place, S.E., Albuqu- 
erque, N. M. Alternate: Bernard 
J. Alberts, Sullivan-Mears Co., 
307 1/2 Laura, Wichita 7, Kansas. 

District [IX Nominator: Kenneth J. 
Moriarity, Argonne National Lab., 
P. O. Box 2528, Idaho Falls, Idaho. 
Alternate: Robert C. Mann, 735 
John Adams Parkway, Idaho Falls, 
Idaho. 

District X Nominator: John L. More, 
4035 Madison Ave., N.D.G., Mon- 
treal, P. Q., Canada. Alternate: 
John D. Baker, 185 Davenport Rd., 
Toronto, Ontario, Canada. 

District XI Nominator: William B. 
Milligan, 8505 Roberta Dr., El 
Cerrito, Calif. Alternate: J. C. 
Groenewegen, 2229 Via Guadalana, 
Palos Verdes Estates, Calif. 
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Biomedical Electronics Show Steady Growth 





A slow but steady growth of the 


application of electronic techni- 
ques to the biomedical field was 
the chief point brought out at the 
recent three-day Conference on 
Electrical Techniques in Medicine 
and Biology in Philadelphia. 


While not marked by such head- 
line makers as 3-D heart testers 
and dianosis-by-computer, as was 
the 1958 Conference, this year’s 
meet did show that a systematically 
increasing number of current elec- 
tronic techniques are being applied 
to the problems of medicine and 
biology. 

One of the most noteworthy de- 
vices described was a transistorized, 
portable hematocrit. This device, 
which detects abnormalities in num- 
ber and size of cells, and in elec- 
trolyte content, was described in 
a paper by Drs. R. H. Okada and H. 
P. Schwan of the University of 
Pennsylvania. 


Dr. Otto H. Schmitt 
(l.), member of the 
Medicine and Biol- 
ogy Conference Joint 
Executive .Commit- 
te, congratulates Dr. 
R. L. Bowman, (r.) 
ISA representative at 
the Conference and 
vice-chairman of the 
Joint Executive Com- 
mittee, on his elec- 
tion as chairman of 
the 1960 Medicine 
and Biology Confer- 
ence, to be held at 
the Sheraton-Park 
Hotel, Washington, 
D. C., October 31 
through November 
2, 1960. 


Not only does the hermatocrit 
eliminate the need to use a centri- 
fuge in these determinations, it is 
also extremely fast — in a few sec- 
onds it gives a reading which is ac- 
curate to +2%. In addition, a very 
small sample is required, only 0.02cc 
of blood, an amount readily obtain- 
ed by pricking the finger. 

Another device which proved of 
high interest was a “blood flowme- 
ter” described in a paper by R. L. 
Bowman and V. Kudravcev of the 
National Heart Institute. The auth- 
ors said that experimental results 
“encourage belief in the feasibility 
and relative simplicity” of the use of 
nuclear-magnet resonance for meas- 
uring blood flow. 

One of the authors, R. L. Bowman, 
who was the ISA representative to 
the Conference, was later elected 
chairman of the 1960 Medicine and 
Biology Conference. 

The Conference is sponsored by 
ISA, IRE and AIEE. 


Wilmington Fights Technician Shortage 


An all-oux campaign against the 
shortage of qualified instrument 
technicians has been launched by 
ISA’s Wilmington Section. Working 
in cooperation with Brown Vocation- 
al School, the Section has set up 
a curriculum and Section members 
are now teaching a three year course 
leading to an instrument techni- 
cian’s diploma. 

The Wilmington Board of Educa- 
tion is the official sponsor of the 
courses, which are offered as part 
of the Adult Education program, but 
all practical work is being done by 
members of Wilmington Section. The 
Section’s Education Committee also 
specified $15,000 worth of instru- 
ments which the school board pur- 
chased and set up for students to 
use in their lab sessions. 
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Over 100 people are now attending 
the courses which take a student 
from the basic fundamentals of mea- 
surement up to and including ad- 
vanced electronics. 


For the graduate engineer who 
lacks an extensive instrument back- 
ground but wants to keep up-to-date 
o. the subject, Wilmington offers 
an “Instrument Appreciation” course 
taught by ISAman Al McKinney at 
du Pont’s Louviers Building. 


Members and teachers making up 
Wilmington Section’s Education 
Committee are E. F. Kremer, R. G. 
Kerr, E. S. Roth, A. H. McKinney, 
V. A. Pardo, E. S. Ida, O. P. Lovett, 
M. Biddison, W. Sincoskie, E. Wil- 
liams, G. J. Gallagher, J. S. Russell 
and J. E. Altimier. 





Strictly Sectional 


OIL VS. PAPER — A comparison of 
instrumentation problems in the oil 
and paper industries was the subject 
of a talk given by George MacKel- 
vie, Kimberly-Clark Corp., at a re- 
cent meeting of Fox River Valley 
Section. Mr. MacKelvie’s talk fol- 
lowed a tour of the Rhinelander 
Paper Company, where members 
saw the company’s new 15007, 950° F 
double cyclone boiler. 

Drawing on his experience in both 
industries, Mr. MacKelvie discussed 
the process conditions in each and 
demonstrated their similarities and 
differences. 

Nearly 50 members and guests 
were on hand for the talk and tour 


PUBLICATION — Vancouver Sec- 
tion will publish an 8-page monthly 
newsletter, “The Vancouver Record- 
er.” Gerry Jansen is Editor-in-chief; 
co-editors are D. Bryan and A. S. 
Binns. 


TRANSISTOR CLOSE-UP — How 
transistors are made and the instru- 
mentation involved in their manu- 
facture was explained to members 
of Toledo Section on a recent tour 
of the RCA Transistor Plant in 
Findlay, Ohio. 

A drive to increase membership 
is underway in Boston Section cir- 
cles. Membership chairman G. S. 
Baird, Jr., has distributed a ques- 
tionnaire asking for ideas on mem- 
bership promotion, section service, 
names of prospective members—and 
a plea for workers to help in the 
drive. The campaign is backed up 
with a solid technical program for 
the coming year. 

A panel discussion on fundamen- 
tals of temperature measurement 
was a feature of Western Massachu- 
sett’s December meeting. Dr. Harold 
E. Corwin of Diamond National 
Corp., was moderator. Panei mem- 
bers included A. W. Wotring, Mon- 
santo Chemical Co.; George Zeiters, 
Taylor Instrument Companies; and 
Grant Gridley, University of Massa- 
chusetts. 

Twin City Section is considering 
a proposal to aid the State Vocation- 
al Education Department in setting 
up instrumentation courses at the 
university, technical schoo] and vo- 
cational school levels. Section mem- 
ber George Keseluk was recently 
elected a member of ISA’s national 
Educational Advisory Committee. 

Instrumentation in the jet age 
was the subject of a recent Kansas 
City Section meeting. Guest speak- 
er was B. M. Meador of TWA. 
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# NEW MEMBERS 


AKRON: Jerald R. Bush, Thomas B. 
Evans, George B. Hubbard, Albert J. 
Ickey, Sanford M. Levy 

ATLANTA: James W. Brazell 

BIRMINGHAM: William T. Courson 

CALGARY: Charles M. Fryer 

CENTRAL ILLINOIS: William H. Jones, 
r., L. Ferrel Lytle 

CHARLESTON: Carl Cavender, Jack D. 
Lanier 

CUMBERLAND: Theodore W. Coffey, 
Robert W. Wright 

DAYTON: Henry J. Hoffman 

DETROIT: Tom L. Jones, Richard W. 
Marbrey, Robert W. Ream 
Marbrey, Robert W. Ream, Andrew A. 
Stokas 

EASTERN NEW YORK: Robert E. Daniels, 
Louis A. Della Villa 

FOX RIVER VALLEY: Reigh W. Webster 

GREAT SALT LAKE: Robert P. Johnson 

HOUSTON: Arthur W. Adams, Jr., Wolf- 
gang W. Berger, Knut A. Johansor, Jr 

IDAHO FALLS: Richard J. Fairse.'vis, 
Robert W. Hyndman, Jr., Bradford T 


Neff 
INDIANAPOLIS: Arthur S. Williams, II 


ADVANCED TO 


AKRON: Ralph C. Davis, Eugene B. 
Sutherland 

ALBUQUERQUE: Loren B. Converse, Robert 
L. Schuch, Clifford M. Stover 

ARK-LA-TEX: I. B. Ingram, Donald W 
Layburn, Eugene E. Webb 


ARUBA: Jan Helder 
ATLANTA: James G. Nichols 
BALTIMORE: John B. Carmine, John H 
Carpenter, William A. Dickinson, John 
T. Suska, Jr., Raymond F. Thoms 
BIRMINGHAM: Mitchell F. Hall, W. Carl 
Peterson 
BOSTON: William Joseph Bowman, Wil- 
liam B. Bryant, Dante Cuozzo, Mal- 
colm B. Hall, James P. La Barber, 
Donald <. La Cerda, Alexander D. 
Lawson 
CAROLINA PIEDMONT: 
derlite, Clarence M. Kazmier, 
E. Mendes III, Leon M. Pearsall 
CENTRAL ILLINOIS: William B. Hogan 
CENTRAL KEYSTONE: John M. Quirk, 
Richard H. Showers, Gerald Shreffler 
CENTRAL NEW YORK: Edwin Orrok 
Brown, Donald V. Shetland 
CHARLESTON: Fennell FE. Anderson, 
James W. Fields, Fred R. Gilmer, Wil- 
. R. Lutman, B. J. Nester, Ralph 
. Webb, Frederick A. Woods 
CHICAGO: Charles E. Bragg, Chadwick 
' rooks, Earl Bush, Frank 
Collie. Thomas H. Filmer, Lester A. 
Forsman, John Gilroy. William M. 
Ihde, W. Ivan James, H. M. Knight, 
W. J. Main, John J. Mikos, Owen W. 
Ott, Francis D. Plociennik, Robert B. 
Reynolds, Albert F. Senese, Harry C 
Stade, Alfred Watson 
CINCINNATI: John J. Holtgrefe, William 
, albach 
CLEVELAND: Marshall H. Cooper, Lyman 
F. Gilbert, Joe A. Hays, Charles A. 
Prior, Roy W. Tussel 
COLUMBUS: Lewis F. DeWalt, Glen N. 
Krouse, John Paul Probst, William 
Gene Swarner 
CONNECTICUT VALLEY: Jesse Raymond 
Agee, Homer P. Gladwin, Robert E 
Gorton, George E. Van Vessem 
CUMBERLAND: Everett B. Smith, Jr. 


James H. Hen- 
Frank 


DAYTON: Vernon Schmidt, Jr., Paul L. 
Weintritt 
DENVER: Paul C. Jones, Pruitt Sims 


Russell E. 


DETROIT: Leroy E. Anger, 
Robert 


Cushing, Mason De Camillis, 
M. Iifeld. B. H. Van Horne 
EASTERN NEW YORK: Raymond A. Ed- 
wards, Frederick Grant, Edward J. 
Reulbach, Jr., Howard T. Robison 
FAIRFIELD COUNTY: Thomas J. Calvert. 
Newell Claudy, Stanley Littman, Karl 
W. Peterson 

FOX RIVER VALLEY: George A. Chedo- 
er, tees V. Knapp, James W. 


GREAT SALT LAKE: Albert 


Ad Herman 
HOUSTON: Herbert Buntzel, Jr., Paul 
AS Condit, George W. Davis, Jr., Harry 


Dodd, Howard S. Gray. Marion G. 


Re Robert H. Kolb, W. B. Simon 
IDAHO FALLS: Dale E. Hafer 
INDIANAPOLIS: Karl F. Wacker 
JACKSONVILLE: Malcolm D. Duncan, 

Jack E. Edgar 


SENIOR MEMBER 


LONG ISLAND: John J. McCullagh, Rich- 
ard W. Moller, Harry Oksner 

Los. ANGELES: Frank C. Miller, Richard 
C. Quist, Robert J. Raymond 

MILWAUKEE: Lloyd Clouse, Robert W 
Costin, Rodger T. Haley, William G 
Hyzer, John A. Kremers, John C. 
Severance 

MONTREAL: John R. Arnold, Alan 
Buckland, Robert B. Hindle, Lloyd 
McEwen, Robert W. Thompson 

NEW ORLEANS: Samuel G. Dukelow 

NEW YORK: Joseph B. Beere, Harry L 
Parker, Sheldon Shostack 

NIAGARA FRONTIER: gag W. Gil- 


Sw 


a Harry J. Keller, George A 
‘ausi 
NORTHEAST TENNESSEE: Thomas H 


Cla 

NORTHERN CALIFORNIA: James N 
Ducharme 

OKLAHOMA CITY: Edward L. Groner 

ORANGE COUNTY: Wayne M. Crum 

PHILADELPHIA: Charles Cross, Gerald 
L. Eberly, William S. Ernest, John L 
Hayes, William J. Johnson, Charles M 
Lewis, James R. Morrow, Robert C 
Whitehead, Jr., Leonard M. Zondler 


RICHLAND: Harold L. Holsclaw, Daniel 
L. Weaver 

ROCHESTER: Robert A. 
Gerald T. Cullen 

ST. LOUIS: William D. Hoskins, 
L. Parent, Harold D. Simpkon 

SAN DIEGO: William A. Sherwood 

SAN FERNANDO VALLEY: James H. 
East, John M. Tiso 

SANTA CLARA VALLEY: William C. Mc- 
Geehon 

SARNIA: Richard F. Langler, Walter J 
MacDonald 

SAVANNAH RIVER: John F. Elliott 

SOUTH BEND: Leighton E. Ware 

TULSA: Charles E. Highee, Gordon L 
Proctor 

WICHITA: Lynwood S. Barnes, Harry S 
Groh, Julius J. Kelt, Jr., Max E. Tru- 


man 

WILMINGTON: Clifton W 
man A. Morrison 

UNAFFILIATED UNITED STATES: John 
P. Hadley, Robert G. Kappel, Jr., 
Alton R. Kennedy, Helmut J. Maier, 
Paul Milliman, John A. Skurla, Rich- 
ard T. Welsh, Kenneth Wu 


Buerschaper, 


Ernest 


Corbett, Nor- 





=a? CITY: Jack C. Brous, Paul J 
rist, Andrew Zahner 
LEHIGH VALLEY: William A. Gregory, 
Charles F. Homewood 
LONG ISLAND: Eugene F. Goidell 
LOS ANGELES: Clyde C. Chivens, Doug- 
las M. Considine, Leon Dall, Norman 
B. Garnett, Roger Gilliland, Thomas 
F. Herring, James N. Nonamaker, 
Phillip A. Painchaud, Joseph W. Peck- 
ham, J. Ross Reed, Donald B. Schnei- 
der, Edwin M. Seeley, Alvah I. Thomp- 


son 

OS ae Floyd 
B. Simpson 

MILWAUKEE: Edward C. Ehlers, Thomas 
James Higgins, Morris F. Jacobs, —_ 

Carle- 


Eugene T. Ehlers, 


McCormick, Robert J. Parent, 
ton C. Smith 

MOJAVE DESERT: B. Eugene Applegate, 
Robert R. Brooks, Samuel A. Schnure 

MONTREAL: Stuart M. Chapman, Henry 
Marks, Richard A uance 

NEW JERSEY: Earl F. Adams, James C. 
Broughton, Henry H. Bruecher, James 
Francis Conneran, Herbert Dengler, 
Ralph J. Fittipaldi, Carl W. Gram, Jr., 
Eliot Russell Hill, Morris Izzi, Ray- 
mond A. Kubick, Jr., John S. Leslie, 
Charles A. Lusnia, Robert E. Mitchell 
A. J. Petzinger, Nicholas B. Post, Vin- 
cent Anthony Riggio, Thomas Son- 
nichsen, Jr., Lamar R’. Speer, Kenneth 
R. Strandberg, Elwood C. Waiker 

NEW YORK: Louis W. Black, Ernest C. 
Byrd, J. J. Combes, Paul V. Guido, 
Herman H. Johnson, Ladislav Kadlec, 
Stanley Knoblock, Max D. Liston, John 

. Macnamara, Richard R. Martin, 

Charles B. Soechtig, Fred E. Thiel 


NIAGARA FRONTIER: Boyden L .Den- 
niston, John D. Duthie, Millard D 
Shriver 

NORTHEAST TENNESSEE: Howard A. 
Greer, Lamar O. Harrell 

NORTHERN CALIFORNIA: Philip B 
Beggs, Frank D. Brindel, Thomas G 
Chin, Walter L. Gustafson, Thomas S. 
Hodgson, John T. Kirkland, J. L 
Turner 


NORTHERN INDIANA: Edmund T. Frick, 
Paul Montgomery, Andrew J. Palus- 
zek, Leslie M. Zoss 


NORTH TEXAS: Charles E. Balleisen, 
David A. Scott, Jr 
OAK RIDGE: E. H. Bell. L. S. Dysart, 
Robert F. Hyland, Thomas Wilbur 
Lally, Henry S. McKown, Robert L 
Moore 
ORANGE COUNTY: Kenneth W. Case, 
George S. Schatzman, George S 
Turner 
Ralph H. 


ry Ralph B. Fox, 
L. White 
PENSACOLA: Walter J. Brown, Gerhard 


PHILADELPHIA: Russell C. Ayers, Milton 
B. Barba, Watson M. Bitterlich. James 
B. Carolus, Edgar L. Eckfeldt. R 
Porter Fay, George K. Fischer, Rich- 
ard E. Frey, S. T. Gillispie, Donald W. 
Glover, Harry N. Helms, Jr., Joseph 
F. Hornor, Randolph H. Mack, Hassan 
Manavi, Vincent E. Matner, Joseph A. 
McCormick, James S. McKeown, Jr., 
Jack M. Phillips, Charles T. Porteus, 


r., Richard Post, Herbert F. Rondeau, 
David Vandeventer, Fred H. Zimmerli 

PITTSBURGH: James L. Cotter, Jr., Tom 
Port Eckles, John W. Elco, Andrew 
Ferencz, John F. Hogsett, Victor Jack- 
man, David Martin, Wayne R. Millard, 
Thomas M. Nourse, Nicholas F. Simcic, 
r., Walter Stancati, Lester H. Veiock, 
George W. Williams, Jr. 

PORTLAND: Camill A. Leveille 

RICHLAND: Paul Conrad, Carroll L 
Pleasance, William A. Richards, David 
F. Taylor, Glenn R. Wilde 

ROCHESTER: Donald J. Aldinger, Frank 
J. Kowalsi, F. R. Salisbury, Anthony 
E. Turner 

SABINE NECHES: George E. Horton, Her- 
bert M. Kennedy 

ST. LOUIS: L. D. Cipriano, William Mar- 
vin Clark, David P. Gast, Jan B. Las- 
terie, Edward J. O’Brien, Plinn C. 
Parish, Carl E. Werstler 

SAN DIEGO: L. Cox, Murray Edel- 
stein, Robert L. Galley, Robert I. 
Kreisler, Kenneth A. Stone 

SAN FERNANDO VALLEY: George H. 
B James A. Broadston, Wayne 
E. Duffy 

SANTA CLARA VALLEY: Bernard M 
Brenner, Gordon M. Floyd, Allan Han- 


sen 
—~ = Hadley E. Cole, George Michael 


SAVANNAH RIVER: H. J. Bowman, 
James W. Cochrane, Theodore K. Con- 
—, Fy B. Harrison, Jr., Raymond 

er, P. Mark Pitts 

scioTo. Vi LLEY: James K. Boughton, 
C. E. Mason 

SEATTLE: Richard K. Bunt, E. L. Frost, 
Laird H. Hail, Ellis H. Henderson, 
Ross K. Patterson, Charles A. Samson, 
Richard H. Vanhaagen 

SOUTH BEND: Eugene D. Kiszla 


SOUTHERN TIER: Raymond J. Mouly, 
George Edward Watkins 

TAMPA BAY: Ray R. Albritton, Harley 
F. Nethken 

TOLEDO: Melvin I. Berndt, John P. 
Combs, E. Cross, Ray Ladd, An- 


thony C. Mondiek. Donald F. Wilhelm 

TORONTO: Russell Gerald Clarke, Mrs. 
Edna Anita McLean, James T. Norris, 
Joseph Rosenberg 


—e John H. Elsloo, William F. Hoag, 
W. McKalip 
WASHINGTON: Richard N. _ Bullock, 


Lowell E. Campbell, George W. Cook, 
Arthur F. R. Cotton, Comer L. Davies, 
Ralph L Goetzenberger, Jules Joslow, 
James Mason Klaasse, William Ludwig 
WAYNE COUNTY: Eldon nk 
=, MASSACHUSETTS: Alexander 
WILMINGTON: James H. Gant, Charles 
Aud Habich, Edgar B. Hall, John C 
Harden, James H. Hocker, Merrell E 
| ogy Vincent A. Pardo, Robert E 
aw, Kemper Stone 
UNAFFILIATED U. S.: James H. McCoy, 
a B. Schuder, Richard E. J. Put- 


UNAFFILIATED FOREIGN: George Ward. 
Gustav V. Rosenqvist, Dr. Josef Heng- 


stenberg, Godrej Mancherji Gandhi, 
Leo Kipnis 
January 1960, Vol. 7, No. 1 113 
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The U.S. Weather Bureau used a Honeywell Model 906B 
Visicorder Oscillograph to record directly this diary of 
a thunderstorm as it passed near the observation station 
on Mt. Washburn in Yellowstone National Park. 

As the storm passed, the Visicorder measured and re- 
corded 1) positive and negative electrical conductivity 
of the air, 2) the rate of ionization of air due to airborne 
radio-active particles and extra-terrestrial radiation, 3) 
the size and charge of individual raindrops, 4) the corona 
discharge current from an insulated tree and from a 4’x 6’ 
grass plot to determine current flow from the earth’s sur- 
face to charge centers in the clouds, 5) times of camera 
exposure photographing cloud droplet size and electrical 
charge, 6) atmosphere potential gradient, and 7) time. 

The Visicorder made this and many other records on 
Mt. Washburn without the use of power amplifiers. This 
feature, plus the extreme portability of the Visicorder, 


made it the ideal oscillograph for use in these studies. 


Byron Phillips, U. S. Weather Bureau Scientist, monitors 
thunderstorm data as it is recorded by the Honeywell Model 


906 Visicorder. 





im weather research 





Recent Models of the 906 Visi- 
corder incorporate time lines and 
grid lines and record up to 14 simul- 
taneous channels of data 


The NEW Model 1108 Visi- 
corder with many automatic fea- 
tures and the convenience of push- 
button controls, is ideal for inter- 
mediate uses requiring up to 24 
channels of data 


The Model 1012 Visicorder is 
the most versatile and convenient 
oscillograph ever devised for re- 
cording as many as 36 channels of 
data. 


The Honeywell Visicorder is the pioneer, completely 
proven, and unquestioned leader in the field of high-fre- 
quency, high-sensitivity, direct-recording ultra-violet os- 
cillography. Here are some of the reasons why Visicorders 
provide the most accurate analog recordings available: 
constant flat response and sensitivity of galvanometers; 
grid-lines simultaneously recorded with traces to guaran- 
tee exact reference regardless of possible paper shift or 
shrinkage; flash-tube timing system for greater accuracy of 
time lines; superior optics for maximum linearity of traces. 

No matter what field you are in... research, develop- 
ment, computing, rocketry, product design, control, nu- 
cleonics ... the high-frequency (DC to 5000 cps) Visi- 
corder Oscillograph will save you time and money in 
data acquisition. 

Call your nearest Minneapolis-Honeywell Industrial 
Sales Office for a demonstration. 


Reference Data: write for Bulletins 1108, 1012 and HC-906B 
Minneapolis-Honeywell Regulator Co. 

Industrial Products Group, Heiland Division 

5200 E. Evans Avenue, Denver 22, Colorado 


Honeywell 
Qudustiial Products. 


FROM HONEYWELL yy DIAMOND JUBILEE PARADE OF PRODUCTS 
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SARGENT 


Laboratory Recorders 


Designed For 
Your Specific 
Laboratory Needs 


The Model “MR” Recorder 


Here is the ultimate in re- 
corders designed exclusively 
for almost all measure- 
ments commonly made in 
the chemical laboratory. 
This instrument measures 
current and voltage and all 
other quantities which can 
be transposed into potential 
or current signals. 

The Model “MR” fea- 
tures: 31 Potentiometric 
Ranges; 9 Chart Speeds, or 
27 Chart Speeds with the 
Sargent Multi-range At- 
tachment; and it is designed 
for laboratory bench oper- 
ation. 

S-72150 Sargent Recorder 
(Pat. Pend.)......... $1725.00 
S-72151 Sargent Recorder 
with Multi-Range Attachment, 27 
Chart Speeds $1775.00 


For complete specifications 
write for Bulletin R 


The Model SR” Recorder 


Sargent offers the Model SR 
to fill the need for a low 
cost recorder that features: 
maximum accuracy at a 
minimum cost; 250 mm 
width chart; fast balancing 
speed of 1 second; high sen- 
sitivity, high gain amplifier; 
and square cornering at 
10,000 to 50,000 ohms input. 
This instrument provides 
the minimum required 
flexibility at the lowest pos- 
sible cost. 


S-72180 Sargent Recorder 
(Pat. Pend.) $675.00 


For complete specifications 


Designed and Manufactured by E. H. Sargent & Co. r 
write for Bulletin SR 


S, I R G E N : SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 
co ae ets wee EE AE eg os : = a> hic aS ah, 5 ee 


E.H. SARGENT & CO., 4647 W. FOSTER, CHICAGO 30, ILLINOIS 
DETROIT 4, MICH.+ DALLAS 35, TEXAS « BIRMINGHAM 4, ALA. * SPRINGFIELD, N.J. 
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new products 





Instrument Valves 

New line of miniature needle 
valves for pressures up to 3000 
psi. Wide variety of port 
threading combinations enable 
direct connections to save space, 
fittings, installation and main 
tenance costs. Inline and angle 
designs in brass and _ stainless 
steel, either regular or for panel 
mounting. Temperature ranges 
65 to 450°F. Sizes 1/8 and 

#” internal and external pipe; 
1/4 and 3/8” OD flared and 
flareless tube threadings. Re 


public Mfg CIRCLE NO. 301 


Oscilloscope Camera 
Camera records full-sized os 
cilloscope patterns without dis 
tortion with Polaroid Land 
film. Standard camera _ bellows 
eliminates light leakage. Object 
to-image size ratio is 1:09 to 
show a full 10 cm graticule 
width. Lens adjustments are 
made without removing camera 
from scope. Convenient knob 
moves lens through 11 detented 
positions while camera back re- 
mains fixed, thereby simplifying 
multiple exposures Hewlett- 
Packard CIRCLE NO. 302 


IR Absorption Cell 
Wedge-cavity IR absorption 
cell (shown mounted) is a low 
cost variable-pathlength cell of 
extreme simplicity and rugged 
ness. Heart of the cell is a single 
block of rock salt in which a 
wedge-shaped cavity has been 
ultrasonically machined. Mount- 
ed, the block can be moved 
transversely in the spectrometet 
beam so that the desired path 
length is selected. For solvent 
compensation, regular sampling 
Connecticut Inst. CIRCLE NO. 303 


Sorptometer 

New, rapid-action sorptometer 
simplifies surface area measure 
ment and other adsorption 
studies. Uses a new technique 
that is extremely fast (one 
point comparison with known 
standard in 10 minutes); elim- 
inates vacuum equipment and 
fragile glassware; can be oper- 
ated by unskilled personnel; 
gives automatic, permanent rec- 
ord of analysis. For applications 
requiring examination of phys- 
ical properties of solids. Perkin- 
Elmer. CIRCLE NO. 304 


Low-Pressure Transducer 

Reliable, linear-output trans 
ducer makes high-accuracy meas- 
urements in the lower-pressure 
ranges. Standard ranges from 0 
1.5 psi to 0-60 psi, with 4 inter 
mediate ranges; accuracies of up 
to +0.15% of full range. De 
livers high-level output signals, 
up to 1.5 volts ac, or up to 100 
millivolts dc with accessory de 
modulator Electromechanical 
sensing system eliminates link 
ages, contacts, other sources of 
potential trouble. International 


Resistance Co CIRCLE NO. 305 


Data Converter 

Data conversion from four bi 
nary inputs to a tape recording 
in the IBM-704 format is possi 
ble with all-transistor unit that 
converts a 27-bit time code, one 
20-bit data signal, and two 17 
bit data signals from an IBM 
704 magnetic tape. Supplies sig 
nal outputs to 7 central loca 
tions in the 704 coding, but 
without gaps between the 
blocks. For multiplexing and 
recording data from digital ra 
dar outputs. Electronic Engi 


neering Co CIRCLE NO. 306 


Sound-Vibration Analyzer 
Portable, wide-range (2-5 cps 
25 ke) unit with 10:1 span on 
each of four ranges, features a 
1/3-octave bandwidth 1.26:1), 
narrow bandwidth 8%, con 
stant with frequency) and all 
pass response. Can measure line 
single-frequency) and continu 
ous (noise) components. Instru 
ment’s narrow bandwidth is 
wide enough to embrace wow 
arising from normal variations 
in speeds of engines, machines 
and appliances. General Radio 


Company. CIRCLE NO. 307 


Power Demand Limiter 
Unit controls power demand 
during warm-up period on elec 
tric heat jobs. Wired in series 
with a zone warm-up thermo 
stat, it cycles the equipment in 
an “off-on” manner until warm 
up is completed. Only one lim- 
iter is required on each job, 
even though there are several 
zones of night control: switching 
circuits are wired to a warm-up 
time clock so that they switch 
out of the circuit as each zone 
returns to day cycle. Barber 


Colman CIRCLE NO. 308 
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new products 


Miniature Accelerometers 

All-steel miniature accelerometers for mis- 
sile control svstems, missile and aircraft 
tests, or any other applications requiring 
precision acceleration measurements. Virtu 
ally unaffected by temperature changes that 
would cause variations due to unequal ex 
pansion and contraction in some instru 
ments. Linearity and accuracy to 1% are 
provided by this design. Hermetically 


sealed; glass-cylinder carbon-piston dampe1 
arrangement for almost zero friction; will withstand very severe 
CIRCLE NO. 309 





conditions. Humphrey, In¢ 


OSCILLOSCOPE CAMERA reduces distortion to less 
than 1/2 of 1%; large Polaroid Land back. Beattie- 


Coleman. CIRCLE NO. 310 


Instrument Air Dryer 
Industrial instrument air 
dryer based on the princi 
ple of sub-dewpoint refrig 
eration condenses’ watet 
and oil vapors from com 
pressed air, eliminating 
need for expensive carbon 

ring compressors, thus al 

lowing use of standard 

compressors for instrumen 

tation purposes. Need for special desiccant drying beds, re 
versing valves and auxiliary equipment is eliminated. Heat ex- 
changers ASME coded at 150 psi. Kohlenberger. CIRCLE NO. 311 





FM Telemetering Transmitter 

Rugged FM transmitter for use in miniature telemetering sys- 
tems combines best features of both transistors and vacuum 
tubes. All low-level and frequency determining stages are tran- 
sistorized to eliminate incidental FM noise produced by vibrat 
ing tube elements. Ruggedized subminiature tubes are used in 
output stages. Hermetically sealed for operation at all altitudes; 
exceeds MIL specs for salt spray and other missile environments. 
his is a true FM telemetering transmitter in which the fre 
quency is modulated in accordance with the intelligence trans 
mitted. Flight proved; lab tested and certified. United Electro 


Dynamics. CIRCLE NO. 312 


NEW STRAIN GAGE is universally temperature com- 
pensated over range of —350 to 850°F. Baldwin-Lima- 
Hamilton. CIRCLE NO. 313 


LINEAR O-RING INSTRUMENT VALVES are designed 
with very low dead volumes required for gas chromat- 
ograph column switching and similar uses. Loe Engi- 
neering. CIRCLE NO. 314 


Counter-Timers 
First successful high fre- 


quency application of 1 = oe 
transistors to high speed ae ee- 
circuit equipment is found oe: ee: 
in three new all-solid-state eo aaa 

ee 
—_— 


d-c to 10 megacycle count 





ing, timing and frequency 
measuring instruments. 
Units include a universal counter-timer, frequency-period mete1 
and transistor time-interval meter. Light enough for airborne 
operation and smal! enough to fit standard explosion-proof 
housings; feature increased reliability, reduced power consump 


tion. Computer-Measurements. CIRCLE NO. 315 
















































































ARICORD fe 
VARIABLE-RESPONSE RECORDER 
for densitometry in paper electrophoresis 


Recording function electrically 
adjustable from linear to 
logarithmic and trans - 
logarithmic 




















Sensitivity 
adjustable from 
10 to 200 millivolts 


Designed specifically to be used with scanning densitometers for correctly- 
compensated quantitative evaluation of electrophoretic patterns on filter paper 


Write for Bulletin #1100 | HH 


Also: Densitometers pH Meters Colorimeters 
Meters _— Electronic Photometers 


Fluorescence 
hoto: 
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LEISS 


Single and Double 
MIRROR - MONOCHROMATORS 


with exchangeable prisms for the 
visible, ultraviolet, infrared from 
200 millimicrons to 20 microns 


Write for Bulletin +980 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 
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Pressure Transducer 


New instrument combines frequen- 
characteristics of vari 
transducers 


cy response 
able-reluctance 
with the simplicity of d-c operation, 
making it exceptionally valuable for 
telemeter- 


pressure 


use in voltage-controlled 
ing and other d-c systems. Operates 
on 25 to 30 volts d-c at 20 ma; de 

livers 0 to 5 volts d-c, full scale, from 
an impedance of 5000 ohms, and is regulated against input 
voltage variation. Differential, gage and absolute ranges of 5 to 
1500 psi; accepts corrosive fluids and gases, both sides; ambient 
operating temperature range of —65 to 180°F; overpressure is 
200 psid or 200% of range, whichever is greater 
stable; withstands vibration of 35g’s, 50 to 2000 cps. Pace En 
CIRCLE NO. 316 


lemperature 


gineering. 


SMALL, RELIABLE VIDEO SWEEP INTEGRATORS 
increase radar range by adding up to 1000 sweeps. 
Atronic Products. CIRCLE NO. 317 


Pneumatic Indicating Controller 

Indicating controller incorporates 
Frequency response of controller is flat 325 cpm (proportional 
plus-reset unit) and to 400 cpm (proportional unit). Pilot valve 
4.0 scfm. Output 
Proportional 


pneumatic control unit 


air consumption 0.05 scfm; exhaust capacity 
of controller is standard 3-15 psi of pilot signal 

band of controlle: 1/2 to 400%; reset rate 
gives from 0.1 to 50 repeats/minute. Ni-Span-C feedback bel 
Bristol CIRCLE NO. 312 


from adjustment 


lows insures temperature stability 


MANUALLY OPERATED 1” VALVE for service with 
cryogenic media at temperatures down to —350°F. Hy- 
dromatics. CIRCLE NO. 319 


Continuous Capacitance 


| : Ruggedized continuous capacitance 
3 


Robertshaw-Fulton. 


systems detect, measure and visually 
indicate media level changes; can be 
used with nearly all liquids, slurries, 
powders and granular solids. No 
moving parts to clog, wear or jam; 
self-cleaning Teflon probe assemblies 
remain free of deposit build-up and 
are unaffected by adhesive  sub- 
Printed circuit 
plug-in provision for critical compo- 
nents assure minimum maintenance. 


CIRCLE NO. 320 


stances wiring and 


NEW X-Y PLOTTER, 24” x 36”, multiplies small me- 
chanical movements up to 1000:1, total error less than 
0.15%. Operates from differential transformers. Hous- 
ton Instrument. CIRCLE NO. 321 


Direct Cold Junction 
Direct-connect cold junction for 
use on thermocouple assemblies uses 
terminals for electrical 
nections. Ideal for confined 
such as heat sensing between fins on 
air-cooled engines, or in installations 
requiring multipoint sensing through 
a single process connection. Thermo- 
couple assemblies are available in 
diameters from .040” to 5/16”. Units are made of thermocouple 
wires encased in inert metallic oxide within protective metal 
sheath. Trinity Equipment. CIRCLE NO. 322 


con- 
areas 


screw 





MINIATURE DIAPHRAGM 


MOTOR VALVES 














MATERIALS OF CONSTRUCTION 


BODY: Steel, 304 S/S, 316 S/S, Bronze, Monel, Hastelloy 
B or C OR ANY MACHINEABLE MATERIAL 

PACKING: Teflon, Braided or Molded 

TRIM: 300 SER. Stainless Steel, Monel, Hastelloy B or C 

TOPWORKS: Cast aluminum with neoprene diaphragm 


INNER VALVES 








Quick opening — any size, Linear — all sizes 


Equal percentage — Cv 0.05 and larger 


CONNECTIONS 
%” and %2”, FLANGED, WELDED, ETC. 


Cv VALUES 





Screwed NPT 





Cv's AVAILABLE 
3.0 DOWN TO 0.05 
0.32 DOWN TO 0.0001 








RESEARCH CONTROLS 


INCORPORATED 
P. O. BOX 5035 TULSA, OKLAHOMA 


SEE OUR EXHIBIT BOOTH NO. 420 ISA HOUSTON SHOW 
PARTICIPATING WITH ALPHA ENGINEERING 
CIRCLE NO. 45 ON PAGE 109 
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Telemetering System 

lransistorized telemetering 
transmitting on-off 
from remote 


system for 
Sta- 
tions to a central location 
through existing telephone lines 
or other audio circuits permits 


indications 


operation of a remote station 
without personnel. Audio tones 
200 to 450 cps are used; 


normally 


from 
adjacent tones are 

spaced 10 cps apart, with har- 
monics of 60 cps excluded. Operation can be either fail-safe, 
where normal condition is tone presence, with loss of tone indi- 
cating off-normal, or vice-versa. Power required is 6 to 8 volts 
dc. Ambient operating temperature range is 50 to 122°F. In the 
thermal delay relay prevents output for 


10 seconds; this can be reduced to 


modulator, a 
fault durations of less than 
as little as 2 seconds or increased to as much as 60 seconds. Bell 
CIRCLE NO. 323 


standard 


& Gossett 


Process Information and Computer System 
Solid-state computer system simultaneously 
data for on-line operation and analysis; off-line analysis, and 


process provides 
off-line analvsis using on-line data. Permits analysis of any proc- 
ess without interference with daily operations. Direct, plain Eng- 
lish and decimal-system operator control panel permits operator 
to change or read out instantly any process data constants o1 
variables without decoding. Complete machine order code; 4,000 
index fast arithmetic, such as 2.1 milliseconds for ob 
taining square root or multiplying. Random access memory core 
covers 8000 words. System makes your plant a full-scale research 


CIRCLE NO. 324 


registers; 


project. Information Systems. 





Sd 


THAT WILL WITHSTAND 


2000°F ano 





gS NR 
NEW, SIMPLE 
CONSTRUCTION 


A metallic sheath compressed 


Over ceramic insulated wire. 


Sheath can be. bent. and 


weldments can be performed 


without insulation. 


loss of 
3.8A for complete 
thermocouples 
4 for AEROPAK 
Ceramic insulated 


> oe 
Cuno isaarehe 


INSTRUMENT COMPANY, 


315 NORTH ABERDEEN e@ CHICAGO 7, ILL 
Sales Representatives throughout the United States and Canada 
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Write 
for new 


BuNetins 


ISA Journal 


Oscillograph Magazine 
Rapid-access ‘Datarite” 
oscillograph magazine for 
manufacturer’s Type 5-114 
Recording Oscillograph is 
interchangeable with the 
standard magazine, making 
possible a “quick look” at 
data from they 
are still in progress. Fully 
developed, dry oscillograms 
are provided by the magazine in as little as 0.8 second after ex 
posure. Processing, done inside the magazine from a single-solu 


tests while 


tion developer, produces high-contrast, permanent records of 
data in the d-c to 5000 cps frequency range faster than any other 
oscillograph method. Recording speeds variable from 0.45 to 
25 inches per second; magazine holds 400-foot paper roll. Con- 
CIRCLE NO. 325 


solidated Electrodynamics. 


SIMPLIFIED CALCULATOR for tooling “break-even 
point” determines most economical runs for lowest 
total part-cost. Suitable for any fixed cost use. Grayhill 
Moldtronics. CIRCLE NO. 326 


Differential Amplifier 
Guarded, differential d-c 
amplifier with extremely 
high input impedance 
makes available gains up to 
5000 in as many as five 
fixed steps. Bandwidth has 
300 cps 
models and to 
1000 cps on special order. Other 
having bandwidth of 80 cps at gain of 50); gain accuracy—0.02% 
RTI): zero offset—1.075 mv (RTO); 
-500,000:1 (114 db) at 60 cps without 
CIRCLE NO. 327 


been extended to 
on standard 
model 


pertinent specs (for 


at dec; noise—3.3° wv 
common-mode rejection 
filter. Beckman. 


SYMBOL OF QUALITY 


in 
Indicating and Recording 
Vacuum and Pressure Gauges 


In the field of indicating and 
recording instruments for 
temperature, pressure and 
humidity, the name Weksler 
is internationally known for 
engineering and product ex 
cellence. 

Weksler has achieved no 
table ‘‘firsts’’ in pressure 
gauges .. . industrial ther 
mometers, dial thermom 
eters, recording thermom 
eters, recording hygrometers, 
bi-metal thermometers, labo 
ratory thermometers and 
hydrometers. 

Write for the helpful 
Weksler Specification Bulle 
tin covering a complete line 
of Weksler instruments for 
specific applications. 


Pressure Recorders in 8”, 10 
Fressure Gauges in 342” 


“ORIGINATORS OF WORLD RENOWNED ADJUST-ANGLE THERMOMETERS” 


WEKSLER INSTRUMENTS CORP. 
195 EAST MERRICK ROAD + FREEPORT, L. |., N.Y. 
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As SIMPLE and 


Dependable 
as the Pull of a 
MAGNET! 


For :nternal visual inspec- 
tion from a few inches to 85 
feet in length 

Wide field of view 
Interchangeable heads for 
varying angle of view 
Standard models for most 
inspections 


Special designs readily 
fabricated from stock parts 


® 

« 
ad so 
*eanae® 
eeertran, 


A sleeve, raised 
and lowered with- 
in a non-magnetic 
tube, attracts or 
releases an Alnico 
magnet attached 
to a mercury 
switch. Basically, 
this is Magnetrol. 


For remote observation 
of inaccessible places 
forh Pp 





Designed for specific 
applications in any 
length, diameter, field 
of view or magnification 


Describe your problem fully. 
*, Give diameter, length, irregu- 


<a — ao” larities and other particulars. 
Drawings helpful. 


LENOX Instrument Co. 


2013 Chancellor Street * Phila. 3, Pa. 
Phone: Rittenhouse 6-6653 
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The Simplest, Most Versatile 
LIQUID LEVEL CONTROL 
Ever Devised! 


eoHEADACHES DUE TO | 
Z/} PRESSURE GAUGE 2 


JITTERS | 


CAMPBELL 


\ —_ 


¥ or 


Pe LOE “2 
alee “* 


Linked to liquid level by infallible 
magnetic force, Magnetrol is free 
from the limitations inherent in 
mechanical or electrical controls. 
With the accuating magnet rated at 
98% of initial strength after 30 years, 
Magnetrol has infinite operating life, 
with practically no maintenance at 
all. There are no wearing parts to 
get out of order. 


Iinois 


Chicago 23, 


A Campbell Micro-Bean 


cures a headache ten times 
as fast as aspirin provided 
the headache is caused 

by a pressure gauge with 

a bad case of the jitters. 
Rapidly becoming the stand- 
ard pulsation dampener 

in many industries all over 
the world. 


Write for Literature - 


J. A. CAMPBELL COMPANY 
645 East Wardliow Road 
Long Beach 7, California 


CIRCLE NO. 49 ON PAGE 109 


What's more, Magnetrol’s simple 
operating principle permits easy, 
economical modification of standard 
units to meet any pressure, temper- 
ature or corrosion requirements. 
That’s why there’s practically no 
limit to Magnetrol’s use. It’s also 
why “specials” are likely to be stand- 
ard with us. Magnetrol units control 
level changes from .0025-in. to 150-ft. 
—with single or multi-stage switching. 


MAGNETROL, Inc. 


| @ SEND COUPON FOR DETAILS ft 





2120 S. Marshall Bivd., 


MAGNETROL, Inc., 
Please send me catalog data and full information on 


Magnetrol Liquid Level Controls. 
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CLOSED-CIRCUIT TV CAMERA for industrial and 
general use has transistorized video amplifier which 
eliminates microphonics, provides 600-line resolution. 
Thompson-Ramo-Wooldridge. CIRCLE NO. 328 


HYDRAULIC OIL is a medium viscosity synthetic di- 
ester with operating range of —65 to 350°F. Lehigh 
Chemical. CIRCLE NO. 329 


TWO-INCH ATTITUDE INDICATING SYSTEM pro- 
vides all information found on primary display and 
virtually equals its accuracy. Lear, Inc. CIRCLE NO. 330 


SUPPRESSED RANGE FREQUENCY METERS are 
rugged enough for the most severe field use, yet precise 
enough to be used as secondary standards. Consolidated 
Controls. CIRCLE NO. 331 


Rotary-Cam Limit-Switch 
Rugged rotary-cam_ limit-switches 
with from 2 to 16 individual circuits 
work for millions of operations at 
speeds up to 300 rpm with no ob 
servable wear. Heavy duty construc- 
tion features include large 3/8” coin- 
silver nonflexible contacts rated con- 
servatively at 15 amps; ball bearing 
supported cam shaft; nylon roller 
cam-followers; 2” diameter nickel-plated cams assuring accura- 


cies to 1/2%. Eagle Signal. CIRCLE NO. 332 





REGULATORS AND ji A 
CONTROL VALVES ; DROS 


NOW AVAILABLE 
IN DUCTILE IRON 


This easy to use manual 
describes how you can get steel 
strength in regulators and con- 
trol valves at the cost of iron 
. .. and, at considerable sav- 
ings. It fully explains how duc- 
tile iron is produced, shows 
features, specifications, typical 
ranges of mechanical prop- 
erties, and comparison tables | 
on physical properties of et SANG for your Copy! 
steel, ductile iron, red brass 

and cast iron. This manual is 


also a condensed catalog OPW- JORDAN 








describing the complete line of 
OPW-JORDAN products that are 
available to you in ductile iron. 
It’s available for the asking .. . 6013 WIEHE ROAD 
so, send for your Ductile Iron CINCINNATI 13, OHIO 


Manual today! DI-1 
CIRCLE NO. 51 ON PAGE 109 
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True Airspeed Computer 
Miniature true airspeed compute 
“Minitas” consists of an extremely 
sensitive and accurate force-balance 
Mach transducer, a passive-resistance 
network and a_ follow-up — servo. 
Weighs 6.5 Ibs., measures 5” in diam- 
eter by 8-1/4” and conforms to MIL- 
E-5400 and 5272. Any one of three 
true airspeed operating ranges (70 
knots to 1500 knots) and accuracies can be supplied to satisfy 
the requirements for high speed aircraft, patrol planes, heli 
copters, artillery-directing aircraft and missiles. Servomechan 
isms, CIRCLE NO. 333 


COUNT RATE METER has 8 scale ranges extending 
to 600,000 cpm; 3” easy-to-read scale. Interstate Elec- 
tronics. CIRCLE NO. 334 


NEW 2 KVA STATIC INVERTER occupies 1/3 cubic 
foot; efficiency is greater than 82% at full load and 
exceeds 77% at half load. Kinetics Corp. CiRcLe NO. 335 


S-BAND FERRITE ISOLATOR spans a full octave in 
frequency range. Kearfott. CIRCLE NO. 336 


Magnetic Amplifier 

High sensitivity d-c magnetic amplifier has extremely stable 
null: power gains exceed 50 db. Full linear outputs are delivered 
with but millimicrowatts of input power. Uses of the amplifier, 
powered from 60 or 400 cps, include amplification of tow-level 
signals from thermocouples and strain gages; null and error de 
tection; integration and summing; or as a sensitive microvolt 


meter or microammeter. Airpax. CIRCLE NO. 337 





MANSFIELD 
GREEN 


INC. 








1051 POWER AVE. ¢ CLEVELAND 14, OHIO 
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Torque Pickup 
New line of miniature torque pick- 
ups for a variety of low torque 
measurements in lab testing and 
product measurements have typical 
f sensitivities of 50, 100, and 250-inch- 
ounces full scale, with useful speed 
i ranges up to 10,000 rpm. Applica 
tions include testing and design of 
small motors, gyros, selsyns, synchros and actuators; evaluation 
of gear trains and servo systems; low torque dynamometer tests, 
and similar measurements. Electrical sensitivity of the pickups 
is two millivolts per volt. Lebow Associates CIRCLE NO. 338 


HYDRAULIC FLUID FILTER has reinforced sintered 
bronze 40-micron filter element which will not disinte- 
grate even under a 400 psi pressure drop. GPE Controls. 

CIRCLE NO. 339 


ELECTRICAL DIFFERENTIAL PRESSURE GAGE has 
a full-scale range from 0 to 0.01” H.O, and detects pres- 
sure differences as small as 0.0001” H,O. Hastings- 
Raydist CIRCLE NO. 340 


Servo-Gage Oscillator 

Pneumatically actuated timer has no moving parts or trouble- 
some linkages, is ideal for explosive hazard areas, remote field 
locations and for any service demanding repeated accuracy of 
response. Signaling impulse frequency, variable from 0.3 to 60 
cycles per minute is adjustable within the instrument case. Am- 
plitude of output pressure can be adjusted manually at the in- 
strument or at a remote control center, or automatically by a 
pneumatic transmitter. Applications include speed control of 
diaphragm pumps, on-off control of cylinder or diaphragm op- 
erated valves, timing alternator of fluid transfer systems, etc. 
Associated Control Equipment. CIRCLE NO. 341 


CAMBRIDGE 


pH INDICATORS 
and RECORDERS 


Labor saving—profit producing! 


In addition to portable pH meters 
Cambridge makes line-operated Direct 
Reading pH Indicators and Recorders 
r permanent installation. They are 
uccurate, stable and assur 
ind trouble-free perf 
the Recorder, Indicator 
cated at any reasonable 
from one or several sampling point 
The Glass Electrodes are place 
vapor-tight housings l 
pling chambers. 


AEE. CAMBRIDGE 
pH EQUIPMENT 


CAMBRIDGE INSTRUMENT CO., INC. 


3557 Grand Central Terminal, New York 17 


PIONEER MANUFACTURERS 
OF PRECISION INSTRUMENTS 
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engineers 


and 


scientists 


LEEDS & NORTHRUP CO. 


...asa result of continued growth now has openings 
for college graduates at the Bachelor, Master’s and 
Doctoral level. Electrical, chemical, nuclear or physics 
degrees preferred. 


you enjoy doing creative work at a truly 
professional level and have 2 to 10 
years’ experience in: 


MEASUREMENT & CONTROL 
OF INDUSTRIAL PROCESSES 


DATA PROCESSING 

ELECTRIC & STEAM POWER 
NUCLEAR REACTORS 
SERVOMECHANISMS 
ANALYTICAL INSTRUMENTATION 
TECHNICAL WRITING 

ANALOG & DIGITAL COMPUTERS 
SOLID STATE ELECTRONICS 


We would like to talk to YOU 


about openings in: 


* Research & | * Product 
Development Engineering 


* Sales | * Application 
Engineering Engineering 


MR. WAYNE L. BESSELMAN 


Coordinator Of Technical Employment 


LEEDS & NORTHRUP CO. 


4850 Stenton Ave. e Philadelphia 44, Pa. 
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new products 





D-C Power Supply 
Improved ratings are a fea- 
ture of manufacturer's revamp 
ed d-c power supply. A-c ripple 
has been reduced by 80% to 
extend usefulness to transistor- 
ized circuit operation and devel 
opment; Rms ripple is limited 
to maximum of 100 my 
throughout range of 0 to 32 volts dc and 0 to 5 amperes. Input 
to the power supply is 115 volts ac, 60-cycles, single phase. 
Voltage regulation has also been reduced to provide a maximum 
change of 3 volts when the load current changes from 1/2 to 5 
amperes. Voltage regulation is reduced proportionally for a 


lesser current swing. Opad Electric Co CIRCLE NO. 342 


Solenoid Rotary Switch 
Solenoid - operated switches 
provide for remote control of 
multiple circuits with a compact 
rotary-switch mechanism. Up to 
five poles, in a tap-switch ar- 
rangement having 12 taps per 
pole, can be supplied. Solenoid 
coil is available for d-c voltages 
from 6 to 230. Self-interrupting 
contacts and suitable rectifiers 
for a-c operation also are available. The solenoid requirements 
in terms of available power supply, pulsing method, frequency 
of operation, etc., are arranged to customer specifications. Elec- 


tro Switch Corp. CIRCLE NO. 343 


CIRCLE 

7} 7.) 

(ey .\ Ele} 
PROTECTOR 


A SAFETY SHIELD for both gauges and personnel. Com- 
plete protection assurance is a result of the keen design 
logic characteristic of all Circle Seal valves. The new 
contact-seal principle employed in the Gauge Protector 
eliminates “O” ring breakaway friction, and assures 
instantaneous operation and complete gauge isolation 
whenever line pressure exceeds gauge pressure range. This 
same quick action prevents gauge damage when bourdon 
tubes fail, or pressure surges exceed gauge limits. The 
gauge is returned to service just as quickly when line pres- 
sure drops to normal maximum. 

Available in a variety of materials, the Series 1100 
Gauge Protectors are adaptable to virtually all gas or 
liquid systems operating at pressures up to 2400 psi, and 
at temperatures ranging from —100° to 500° F. 

FOR POSITIVE GAUGE PROTECTION, CHOOSE CIRCLE SEAL GAUGE PROTECTORS. 


RELIEF VALVES + SHUTOFF VALVES + CHECK VALVES + PLUG VALVES 


CIRCLE 


SEAL CIRCLE SEAL PRODUCTS CO., INC. 


; ® 2181 East Foothill Blvd., Pasadena, Calif. 
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Instrument Motor 

Fractional watt d-c instrument mo- 
tor has neither revolving windings 
nor sliding commutator. Integral re- 
duction gear assembly provides a 
wide selection of output speeds. Has 
uni-directional start, will not start if 
battery voltage is accidentally re 
versed; output torque up to 40 ounce- 
inches at | rpm; no-load current ap- 
proximately 10 milliamperes at 6 
volts. Wound for 3, 6, 12, or 24 volts 
dc, it can be supplied for operation 
between 50 and 160°F. Comes in rigid polyethylene case 


Brailsford & Co. CIRCLE NO. 344 


SELF-POWERED ELECTRONIC ALARM actuates an 
annunciator when a process signal reaches a preset 
point. Swartwout. CIRCLE NO. 345 


CHOPPER INPUT TRANSFORMER for use with fre- 
quencies of 60 to 500 cps. Triad. CIRCLE NO. 346 


PRESSURE TRANSDUCER withstands up to 35g’s at 
2000 cps vibration. Bourns, Inc. CIRCLE NO. 347 


Data Readout System 
Model 44-7 Add Punch, used in 
conjunction with Model 34 Series 
Multi - Channel Analyzer, offers 
punched paper tape and/or standard 
adding machine tape readouts of 
stored data. Punched tape readout 
allows automatic data processing by 
computer methods. System can_ be 
programed for any computer code and code can be altered read 
ily. Radiation Instrument Development Lab. CIRCLE NO. 348 








DEVELOPMENT 
SALES 
APPLICATION 


As one of the leaders in the process instru- 
mentation field we are constantly on the 
lookout for experienced men from various 
fields of engineering including Electronic, 
Mechanical, Electrical, Chemical and Civil. 
If you are interested in a career with a 
rapidly growing, progressive firm, send a 
complete resume with salary requirements 
to: Attn: T. W. McKinley, Assistant Per- 
sonnel Director, 


FISCHER & PORTER CO. 


County Line Road 
HATBORO, PA. 

















PERSONALITIES | 


Investor Richard L. Paullus 
(photo), San Fernando Valley mem- 
ber and manager of the Western 
Electronic Manufacturers Associat- 
ion, has been appointed electronics 
research officer, Electronics Invest- 
ment Management Corp. 


Richard L. Poullus Lt. Gen. D. L. Putt 
EIMC IAS 


IAS head Lt. Gen. Donald L. 
Putt (USAF, ret.) - (photo), has 
been elected president of the Insti- 
tute of Aeronautical Sciences for 
1960. He is president of United Re- 
search Corp., a subsidiary of United 
Aircraft Corp. 


New post Ralph E. Clarridge, 
Rochester ISAman, formerly a con- 
sultant with Taylor Instrument Co., 
has been appointed manager-mea- 
surements laboratory at General 
Electric’s West Lynn Instrument De- 
partment. 


Republic ... Alfred C. Wenzel has 
been named market development 
manager of Republic Flow Meters 
Co., and Christian W. Marks has 
been named assistant sales manager 
of the firm. 


Prexy New president of the 
Photovolt Corporation is New York 
ISA member Dr. Bela A. Silard. 


Division Veeps .. . Joseph Heimann 
is the new divisional vice-president- 
Avionics, and Robert E. Ward is 
divisional vice-president - Precision 
Components, with Kearfott. 


GPL pair ... The appointment of 
Dr. Frank A. McMahon as manager 
of the service and support depart- 
ment at General Precision Lab., Inc., 
has been announced. Craig F. Tim- 
merman joins GPL’s planning and 
requirement staff as director of air 
traffic requirements. 


Production Newly appointed 
production engineering manager for 
Whittaker Controls Div., of Tele- 
computing Corp. is John R. Morton. 


(Please Turn to Page 126) 





When should COST 


be a factor 
in design investment? 


The importance of cost control to any business operation cannot be 
minimized. However, when related to design investment — the time, 
money and materials spent to create new products, or to revise present 
products — cost-saving becomes expensive if quality is sacrificed to 
price! 

Any investment in product design should be made to gain a competi- 
tive advantage, and component parts chosen to hold that competitive 
edge. Any deviation gives others an opportunity to take the lead. 
It's only logical then, that all cost-saving suggestions in design invest- 
ment must be evaluated as to effect on finished products. Sales and 
profits —and industry leadership — depend on such serious considera- 


tion. 


COST should always be a factor 
in design investment... 
but not necessarily the most important one ! 


So it is with the manufacture of Hansen SYNCHRON Timing Mo 
tors. Costs must be watched to remain competitive . but, cost- 
cutting will never be done at a sacrifice to established quality standards. 
Even with adherence to such standards, Hansen SY NCHRON Motors 


are able to compete with similar products. 


The result of engineering that has concentrated for many years on 
creating and applying synchronous power units to timing applications 
— Hansen SYNCHRON motors are manufactured under constant 
quality control. Each must pass 51 separate tests and inspections. 
Potential users can be sure of the ultimate in silent, continuous 
power . . . the best synchronous motors for industrial and commercial 
applications. Present users know it! 

Investigate the advantages of Hansen 

SYNCHRON Timing Motors . . . with 

quiet, long-life performance of benefit to 

products you make incorporating timing 


devices. 


HANSEN 


MANUFACTURING 


COMPANY, INC. 


PRINCETON, INDIAN 


SEND TODAY 

for this informative folder 
containing specifications 

and technical data on all 
Hansen SYNCHRON motors 
and clock movements. 


HANSEN REPRESENTATIVES: 
THE FROMM COMPANY 


H. C. JOHNSON AGENCIES, INC 
Rochester, N.Y. * Buffalo, N.Y. 


Syracuse, N.Y. * Binghamton, N.Y. 


Schenectady, N.Y. 
ELECTRIC MOTOR ENGINEERING, 


Los Angeles, Calif. (Olive 1-3220) 


Ockland, Calif. 


WINSLOW ELECTRIC CO. 
New York, N.Y. © Chester, Conn. 


a 


5150 W. Madison, Chicago, Illinois 


INC. 


Philadelphia, Penn. * Cleveland, Ohio 
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y V AT AS TT IS Marketer . .. Veteran sales executive 
| A. R. Hunter (photo), San Fernando 
TO DO WITH Valley ISAman, has been promoted 
to director of marketing for Statham 
VISCOSITY‘ 


Instruments. 











Frank R. RePass A. R. Hunter 
Crosby Valve & Gage Statham 


Sales chief... Erling Klafstad, Bos- 
ton member and president of Crosby 
Valve and Gage, has announced the 
appointment of Frank M. RePass 
(photo) as chief sales engineer. 


; Spaceman ... Dr. Harald Schutz 
accurate > accurate has been appointed director of the 


Westinghouse Astronautics Institute, 


proportional comparative a study and development center at 


the company’s air arm division in 


comparisons viscosity control | Baltimore. 


insure insures Eastern chief . . . New York ISA- 
: man Stanley Knoblock has been ap- 
anatomical , ) precise pointed chief engineer of the eastern 
? A Br f / division of Panellit, Inc. 
correctness __'.— | | blends ; 
. | / Contracts . . . Stuart N. Davidson 
is new corporate contracts adminis- 
trator for Beckman Instruments. 


} 
\ | 


Director . .. Dr. Lloyd P. Smith, 
former president, Avco Research 
and Advanced Development Divis- 
ion, and a director of Avco Manu- 
facturing Corp., has joined Aeronu- 
tronic as director of research opera- 
tions. 


A 


\ \ < 
= AN x = 
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and you can make them better with a 
Rep .. . Associated Research, Inc. 
. st has appointed Rochester member 
Bendix Viscol | jparator Harley J. Rittenhouse their repre- 
sentative for western New York 
State. 
Accurate blending of petroleum products to a specification viscosity can 
be controlled continuously and automatically. The viscosity of the process Engineering V-P ... J. C. Pitchford, 
fluid is compared with that of a reference sample at operating temperatures. recently retired Air Force colonel, 
Wide-range temperature compensation is inherent in the Bendix Viscom- | joins Benson-Lehner Corp. as vice- 
parator’s design. Its sensing element withstands up to 650° F. (343° C.) and | president in charge of engineering. 
1,000 psi. 
For complete information about this surest, most modern method of | Designer . . . George B. Boon’s pro- 
controlling viscosity, write Dept. K12. nisi a. dian. motion to Technologist with the Re- 
search and Engineering Division of 
° e ° a Monsanto Chemical Company will 
Cincinnati Division allow him greater freedom to devel- 
3130 Wasson Road + Cincinnati, Ohio op engineering design theory pro- 
grams significant to Monsanto’s pro- 
gress, said Howard K. Nason, Mon- 


Export Soles and Service: Bendix International Division, 205 East 42nd Street, New York 17, New York santo V-P, in making the announce- 
Canada: Computing Devices of Canada, Ltd., Box 508, Ottawa 4, Ontario ment 
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Instrumentation 
and Automatic Control 


News From. 


What are the Russians doing in the field of instrumenta- 
tion? How much do we really know about their activities, 
their scientific achievements? 

The answers are now available through authoritative 
English cover-to-cover translations of four leading Russian 
journals. Sponsored by the Instrument Society of America 
under a grant from the National Science Foundation, 
the ISA “Soviet Instrumentation and Control Translation 
Series” affords an excellent means for keeping abreast of 

the latest developments in Soviet instrumentation. 


LOW ANNUAL SUBSCRIPTION RATES 


. . Libraries of Non-Profit 
specify the year of issue. Academic Institutions 
U.S. & Other U.S. & Other 
Canada Countries Canada _ Countries 


Measurement Techniques 1958...$ 20.00 $ 23.00 $10.00 $13.00 





Measurement Techniques 1959... 25.00 28.00 12.50 15.50 
Instruments & Experimental 

Techniques 1958 & 1959...... 25.00 28.00 12.50 15.50 
Automation & Remote Control 

PS eee 30.00 33.00 15.00 18.00 
Automation & Remote Control '59 35.00 38.00 17.50 20.50 
Industrial Laboratory 58 & '59.. 35.00 38.00 17.50 20.50 
Combination Subscription to 

all 4 Journals 1958........... 100.00 112.00 50.00 62.00 
Combination Subscription to 

all 4 Journals 1959........... 110.00 122.00 55.00 67.00 








I SOVIET 
RUSSIA 


MEASUREMENT TECHNIQUES 

(Izmeritel’naia Tekhnika) — Russian original pub- 
lished monthly by the Committee of Standards, 
Measures and Measuring Instruments of the Coun- 
cil of Ministers, U.S.S.R. Of particular interest to all 
who are engaged in the study and application of 
fundamental measurement. 1958 issues bi-monthly. 


INSTRUMENTS AND EXPERIMENTAL 
TECHNIQUES 

(Pribory i Tekhnika Eksperimenta) — Russian origi- 
nal published bi-monthly by the Academy of 
Sciences, U.S.S.R. Articles relate to function, con- 
struction, application and operation of instruments 
in various fields of experimentation. 


AUTOMATION AND REMOTE CONTROL 
(Avtomatika i Telemekhanika)— Russian original 
published monthly by the Institute of Automation 
and Remote Control of the Academy of Science, 
U.S.S.R. Articles on all phases of automatic con- 
trol theories and techniques. 


INDUSTRIAL LABORATORY 
(Zavodskaya Laboratoriya) — Russian original pub- 
lished monthly by the Ministry of Light Metals, 
U.S.S.R. Articles on instrumentation for analytical 
chemistry and physical and mechanical methods of 
material research and testing. 
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Riverside’s computer-controlled 
plant now on-stream with 


= 


Foxboro Electronic Consotrols 


pressures — temperatures — flows 
all electronically controlled 


Giant, gas-fired cement kilns, 310’ long, 10° and 12’ in diameter 

they’re under complete Foxboro electronic control at Riverside 
Cement Company, Oro Grande, Calif. All process variables, includ- 
ing pressures, temperatures, motion, differential pressures, motor 


speeds, gas-analysis, and gas-air ratios are included in this fully 


co-ordinated instrument system. 

Riverside’s Electronic Consotrol* Instrumentation includes trans- 
mitters, controllers, recorders, converters, integrators, alarms — all 
solid-state — all linked by a common 10-50 ma, d-c signal. Trans- 
mission is over simple, unshielded lines. And this ultra-modern con- 
trol system is fully compatible with process control computers. 

Foxboro Electronic Consotrol Instrumentation is ideal for chemi- 
cal plants, refineries, steel mills, nuclear reactors — wherever precise, 
rapid, long-distance control is required. Ask your local Foxboro Field 
Engineer about Electronic Consotrols — or write for Bulletin 21-10. 
The Foxboro Company, 311 Neponset Avenue, Foxboro, Mass. 
*Reg. U.S. Pat. Off. 


AN ELECTRONIC CONSOTROL INSTRUMENT FOR EVERY CONTROL LOOP FUNCTION 


Recorders Indicating Transmitters Electrical Converters 2-wire Transmitters indicating Controllers 

No amplifiers, slidewires, or Use any standard Foxboro Convert EMF and Resistance For measurements such as pres- May be 

servo motors, Operate com- measuring element — continue measurements to a 10-50 ma, sure, absolute preeeue, voit. or ‘in Moy ons Nagao ~ wed 
pletely independent of con- to measure and indicate even d-c signal. Rack or panel ferential pressure, and level. corder. Each operates and pulls 
troller. 1 and 2-pen models, in event of power failure. mounted. No batteries, no Require no local power supply. out from panel — complete! 
with 4” vertical strip chart. slidewires, no servos. independent of the onan . 
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ypical application of Foxboro Electronic Consotrol Instrumentation 
. . Riverside Cement Company's modern plant at Oro Grande, Calif. 
310’ kilns have all process variables under Foxboro electronic con- 
rol. Other major Foxboro electronic installations include petro- 
hemical plants in the U.S. and Canada, nuclear reactors, as well 
as unattended booster stations on a 680-mile crude oil pipe line. 

















1959 National Telemetering Conference 





Proceedings—Now Available 





Bound volume of 40 papers presented at 1959 National Telemetering Conference, 
Denver, Colo., May 24 - 27, 1959. Sponsored by AIEE - ISA - ARS - JAS. 


- CONTENTS - 


Communication Efficiency of Space Telemetry Systems, 
by R. W. Sanders 


Comparative Merits of Analog and Digital Telemetering, 
by Larry C. Watson 

New Developments in PCM Telemetry, by R. E. Mar- 
quand 


The Influence of FM-FM Telemetry Component Charac- 
teristics on System Performance, by O. J. Ott 


A Comparison of an Identical Vacuum Tube and Tran- 
sistor Telemetry System, by M. A. Lowy 


Distortion FM-FM Systems and its effect on System 
Accuracy, by Walter O. Frost 


Accuracy and Reliability of the Sandia 220 MC Tele- 
metry System, by J. H. Scott 

Some Considerations of the Effects of Nuclear Radiation 
Environments on Precision Airborne Instrumentation, 
by John M. Rau, Jr. 

Variable Inductance Modulation of a Transistorized Sub- 
carrier Oscillator, by C. E. Land 

A Solid State Multiplexer and PCM Encoder, by T. P. 
Bothwell, R. C. Baron, and R. J. Sutherby 

A Transistorized Active Low Pass Filter with One CPS 
Corner Frequency, by R. C. Onstad 

Semiconductor Device Operation in a Pulsed Nuclear 
Environment, by W. A. Bohan, J. D. Maxey, and R. P. 
Pecoraro 

Some Coding Concepts to Conserve Bandwidth, by Les- 
ter G. Zukerman and Irving Ross 

The PCM-PS Telemetry System, by H. N. Putschi and 
E. Niemann, Jr. 

A New Practical Approach to Subcarrier Pre-emphasis, 
by Walter E. Hane 

Voltage-Transfer Low-Level Commutation System, by 
M. E. Martin and W. M. Phillips 

A Transfer Function Computer, by Jack Brown 

A Low-Level, High-Speed Sampling Switch, by E. J. 
Young 

Variable-Reluctance D-C Transducer, by O. K. Kowallis 
High Density Magnetic Tape Recording of Digital Data, 
by M. A. Wells 


Tra-Decom — A Transistorized PAM Decommutator, 
by P. R. Palmer, and J. E. Scheibner 


A Deviation Standard for FM Systems, by Herschel J. 
Wood, Jr. 

A Trailer-Installed Flight Test Monitoring and Control 
Station, by S. F. “Jack” Higgins 

Processing and Presentation of Data from Outer Space, 
by J. M. Seehof and B. W. Washburn 

An Automatic Instrumentation Analog Data Processing 
System, by E. G. Hoefs, and N. F. Bolling 


An Analog On-Line Data Reduction System for Engine 
Testing, by D. L. Dresser and J. D. Dunlop 


Simple Computation Techniques for Telemetry Data 
Reduction Systems, by George Birkel, Jr., and Mery] 
C. Burns 

Digital Data Processing of PDM and FM/FM Telemetry, 
by W. E. Leever 

Physiological Telemetry in the Space Age, by Miles A. 
McLennan 

The Requirements for Biomedical Monitoring in Space 
Flight, by Richard W. Lawton 

Physiological Transducer for Measurements in Space 
Vehicles, by W. Welkowitz, M. Traite, C. Purpuro, and 
J. Kilduff 

Biomedical Measuring Circuitry, by James T. Powell 
Transmission of Microwave Telemetry Signals from a 
Re-entering Vehicle, by K. Baldwin 


Parameters and Techniques Applicable to Ultra-Long- 
Range Communication with Solar System Probes, by 
John J. Downing 

Space Navigation by Correlation, by P. Zilczer 

Radio Links for Spaceflight, by J. H. W. Unger 

An Ultralinear Frequency-Modulated Transmitter, by 
R. E. Lee 

A State-of-the-Art Receiver for 2200 MC Telemetry, by 
Sydney E. Smith and Hans Scharla-Nielsen 
Miniaturized Telemetry Slot Antennas for Missile Ap- 
plications, by M. Yaffe 

R-F Multiplexing of Telemetry Transmitters, by Wil- 
liam H. Harrison 


ISA Member Price $4.00 — Non-member Price $6.50 


Order by title “1959 National Telemetering Conference” from: Publications Department 


INSTRUMENT SOCIETY of AMERICA 


313 Sixth Avenue - 


Pittsburgh 22, Pennsylvania 
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MEASURE FLOW IN 
_)) LARGE PIPELINES 





me 


You can measure flow in pipe- 
lines 2 inches and over conven- 
iently, economically, and with 
great accuracy by using an SK 
Bypass Rotameter. These Rotam- 
eters measure bypass flow (not 
static differential) and fluid rate 
of flow is read directly for ranges 
as low as 10% of maximum. 
They use two orifices—one in the 
main line and one in the bypass 
line—to provide a fixed ratio of 
flow through the bypass line. 
This bypass flow is directly pro- 
portional to main flow and rate 
of flow measuring accuracy is 
high. Further, the cost of a 
Bypass Rotameter is low com- 
pared with other types of flow 
measuring apparatus. 





























SK Bypass Rotameter arranged SK Bypass Rotameter arranged 
for vertical downward flow. for vertical upward flow. 





SK Bypass Rotameters can be arranged for horizontal flow (see 
photo above) or for vertical flow up or down (see sketches). For 
complete details—including sizing data—request Bulletin 18B. 
We'll send it at once. 


Schuilé and Koerlng COMPANY 


INSTRUMENT DIVISION 


2253 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA. 
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Delaware Sales ... H. Dean Valen- 
tine (photo), Wilmington ISAman, 
has joined Flow Engineering, Inc., 
Flourtown, Pa., as sales engineer. 


H. Dean Valentine Lovis H. Larime 
Flow Engineering Performance Measurement: 


Three for PM... Three new execu- 
tive appointments for Performance 
Measurement Co., include Louis H. 
Larime (photo), Detroit member, as 
vice-president of sales; Henry J. 
Moses, president; William B. Gross, 
vice-president of engineering. 


Lab man... Director of the new 
solid state lab established by Servo 
Corporation of America is Israel J. 
Melman. 


Defense marketer .. . Fairchild 
Camera has appointed Robert Bruce, 
Jr., marketing manager for the De- 
fense Products Division. 


Contracts . . . Houston Fearless 
Corp. announced the appointment of 
John N. MacDonald as manager of 
its contracts department. 


NEMA prexy ...N. J. MacDonald, 
president of the Thomas & Betts 
Co., has been elected president of the 
National Electrical Manufacturers 
Association. 


G-R sales .. . New director of sales 
for the General Radio Company is 
Myron T. Smith. William R. Saylor 
moves up to the position of sales 
manager. 


Resigns . . . A. E. Carlson has re- 
signed as president of Comptometer 
Corp. Elected as his successor is J. 
A. Schram. Carlson will continue as 
a director of the company. 


Research head . . . Joseph Ferrante, 
35, has been named director of re- 
search in dielectrics at the new 
Cornell-Dubilier Electric Corpor- 
ation Research Lab in Norwood, 
Mass. 
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4 NEW BOOKS 


Technical Writing Manual, Christian 
K. Arnold, $2.50. 

Glossary of words and phrases com- 
monly used in technical writing, with 
examples of their correct and ap- 
proved usage. Valuable to engineers 
and technical writers who want to 
write clearly and accurately, while 
avoiding the pitfall of oversimpli- 
fication. (Order from Electronic 
Periodicals, Inc., 2775 S. Moreland 
Blvd., Cleveland 20, Ohio.) 


The Servo Engineer’s Handbook, 128 
pp., $3.00. 

Practical treatment of nearly all 
component information available; 
operation and application data as- 
sembled in a way that permits the 
servo designer to apply it immediate- 
ly. Diagrams, schematics and graphs. 
(Order from Daystrom Transicoil, 
Division of Daystrom, Inc., Worces- 
ter, Montgomery County, Pa.) 


Soldering Manual, 170 pp., $5.00. 

Authoritative, comprehensive infor- 
mation on all phases of soldering, 
including soldering operations in 
the electronics industry. Describes 
new techniques brought about by re- 
cent advances in miniaturization. 
(Order from American Welding Soc- 


iety, 33 West 39th St., N.Y. 18, N.Y.) 


Modern Electronic Components, G. 

W. A. Drummer, 472 pp., $15.00. 
First comprehensive survey of the 
characteristics of the more com- 
mon components, together with in- 
formation on their behavior under 
the severe environmental conditions 
to which they are frequently subject- 
ed. Selected bibliography of source 
material. (Order from Philosophical 
Library, 15 East 40th St., N.Y. 16, 
mad 


Automating the Manufacturing Pro- 
cess, George F. Hawley, 176 pp., 
$4.95. 

The how and why of developing 

equipment for specific operations. 

(Order from Reinhold Publishing 

Corp., 430 Park Ave., N. Y. 22, N.Y.) 


Encylopedic Dictionary of Electron- 
ics and Nuclear Engineering, 1417 
pp., price not listed. 

All current terms and definitions, 

clear descriptions, special diagrams 

of equipment, elements, components 
and systems used in electronics and 
nuclear engineering. Approximately 

14,000 entries and 1400 illustrations. 

More than 17,000 cross references. 

Only single source available with all 

the standard definitions approved by 

official technical societies. (Order 
from Prentice-Hall, Inc., 70 Fifth 

Ave., N. Y. 11, N .Y.) 





SCAMMIT 


STATIC-SWIT CHING 
MONITORING SYSTEMS 


Self-Contained . . . Expandable 
Lower Cost... 

Minimum Maintenance 

Range of Models and Sizes 


You can now get greater reliability MODEL ST-AM 
for all kinds of process and automa- 
tion control in these new SCAMMIT 
MONITORING SYSTEMS. Com- 
ponents are permanent and static 
switching circuitry eliminates most 
component failure; result is years of 
economical and dependable alarm 


protection. Investigate SCAMMIT . - 
before you invest in any monitoring ° 
system. 7 
° . ' 
SEND FOR complete information 
— 


and literature. 


MODEL ST-LF 


MODEL ST-EM 


‘BEZXUIINSTRUMENT CORP 


1811 WEST IRVING PARK ROAD ¢ CHICAGO 13, ILLINOIS « TELEPHONE: GRaceland 7-7850 
DEPT. 6 COMPLETE MONITORING SYSTEMS FOR INDUSTRY 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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No other terminal block — sectional or one-piece 
gives you all the advantages of 


BUCHANAN 4 
MD sectional pres-SURE-blocks 


NO WASTE CIRCUITS—Reduce material costs, save space. Supplied assembled in 
20 snap-fit section lengths. Pull off or add groups for any length block. 
SMALLER INVENTORY—Only 2 different parts (contact and end sections). No 
running out of needed items. 
MORE CIRCUITS IN AVAILABLE SPACE—Increase contact capacity, decrease jump- 
ering. Group common wires (equivalent to 1 #22 thru 1 #8) in tubular contacts. 
Contacts on %¢” centers. 10 circuits 446”, plus *%2” for each complete block. 
NO TERMINALS OR LUGS—Eliminate lugging costs. Tubular contacts provide 
secure, efficient connections. 
NO HIDDEN CIRCUIT MARKINGS—Unobscured top marking area minimizes errors. 
Integral or separable strips. 
QUICKER TO INSTALL AND CHANGE—Hand assembled, no fixtures or hardware. 
Mount only every 12 sections. Add circuits without removing mounting screws. 
LOW INSTALLED COST—Competitive with conventional blocks of similar rating. 
Separate Sections or Factory-Assembled Blocks EE Tubular contacts fully ap- 
° : ts / G 
- pF dy eae WOMEALEL te Gy SP proved by U.L. Blocks fully 
=> approved for 600 V by C.S.A. 


Write for Bulletin IS-1 


(See these and other Buchanan Prod- 
ucts at Booth 416, 1.S.A., Houston} 


ie ied tig ae. leleitias Bide) ite) T hile). | 
HILLSIDE NEW JERSEY 
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Je Control Transm 


SYNCHROS 


“ontrol Differential Transmitter 
Control Transformers, Torque 
ransmitters and Receivers, Torque 
Differential Transmitters, Resolvers, Linvars, Servomotors, Motor 
Tachometers and Tachometer Generators 
ere military specifications exist, Muirhead 
satisfying Bureau of 


e and N.A.T.O. require 


se index to all the types 
ufactured is given In 
rhead Synchro Broad Sheet 

will be forwarded on 
sest. Detailed information on 


vidual types is also available 


MUIRHEAD INSTRUMENTS INC. - 441 LEXINGTON AVE - NEW YORK 17 -N.Y.- U.S.A. 
MUIRHEAD INSTRUMENTS LIMITED STRATFORD ONTARIO CANADA 
MUIRHEAD & CO. LIMITED BECKENHAM KENT - ENGLAND 
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GOVERNMENT 
PUBLICATIONS 





(Order all publications by number 
from Office of Technical Services, 
U. S. Department of Commerce, 
Washington 25, D. C.) 


Research and Development of the 
Magnacard System. A. M. Nelson, 
The Magnavox Co. Wright Air De- 
velopment Center. 187 pp. (PB 
151828) $3.00. 


Status of Digital Computer and Data 
Processing Developments in the So- 
viet Union: Data Processing Semi- 
nar. Office of Naval Research. 179 
pp. (PB 151634) $3.00. 


DART Project: Final Report. L. P. 
Meissner and E. O. Codier, Naval 
Ordnance Lab. 59 pp. (PB 151773) 
$1.50. 


A System for Automatic Processing 
of Fatigue Data. A. J. Belfour, Par- 
sons Corp., and W. S. Hyler, Bat- 
telle Memorial Institute, for Wright 
ADC. 195 pp. (PB 151596) $3.00. 


Application of Analog Computers to 
Various Combustion, Flame and Flu- 
id Dynamics Applications. T. J. Wil- 
liams, Wright ADC. 64 pp. (PB 
151775) $1.75. 


Thermistor Infrared Detectors: Part 
1—Properties and Developments. R. 
DeWaard and E. M. Wormser, Barnes 
Engineering Co. for Naval Ordnance 
Bureau. 130 pp. (PB 151767) $2.75. 


Infrared Atomic Spectroscopy, Based 
on Use of Photoconductive Detec- 
tors. C. J. Humphreys, Naval Ord- 
nance Lab. 43 pp. (PB 151953) $1.25 


Thermoelectric Properties of the 
Noble Metals and Their Alloys. A. 
A. Rudnitskii, Institute of Metal- 
lurgy, Institute of General and In- 
organic Chemistry, Academy of Sci- 
ences, USSR. (Emphasis is on de- 
velopment of pyrometric and photo- 
graphic recording techniques to 
measure absolute thermal emf of 
materials.) 237 pp. (AEC-tr-3724) 
$2.50. 


Basic Research in the Navy. Arthur 
D. Little, Inc., for Office of Naval 
Research. 189 pp. (PB 151925) $7.00. 


Supersonic Wind Tunnel Tests of 
Ring-Wing Configurations. L. H. 
Schindel, MIT, for Wright ADC. 108 
pp. (PB 151754) $2.50. 


Summary of Instrumentation Devel- 
opment and Aerodynamic Research 
in a Hypersonic Shock Tunnel: Part 
2—Nozzle Flow Study and Flow An- 
gularity Measurements. C. E. Witliff 
and M. R. Wilson, Cornell Aeronau- 
tical Lab. for Wright ADC. 27 pp. 
(PB 151742) $0.75. 








WELCH CHART OF THE ATOMS 


Chart and 48-page KEY booklet both completely revised by Dr. W. F. Meggers 
improved readability @ Large size—42 x 58 inches @ Lithographed in 6 colors 
Lists latest atomic weights compiled by International Union for Pure & Applied Chemistry 
— -_ — 


A New Instrument for the Determi- 
nation of Molecular Weight by Dif- 
ferential Vapor Pressure. N. M. 
Weiderhorn, J. H. Vreeland and R. 
R. Perron, Arthur D. Little, Inc., for 
Wright ADC. 37 pp. (PB 151832) 
$1.00. 


Prototype Model of an Automatic X- 
Band Microwave Impedance Record- 
er. W. F. Gabriel, Naval Research 
Lab. 34 pp. (PB 151557) $1.00. 
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A Radiometer for Measurement of 
High Intensity Radiation Flux. T. Y. 
Toong, MIT for ARDC. 9 pp. (PB 
151842) $0.50. 


Characteristics of Photoconductive 
Detectors. A. J. Cussen, U. S. Naval 
Ordnance Lab. 23 pp. (PB 151728) 
$0.75. 


Improved Torque Magnetometer. W. 
S. Byrnes and R. G. Crawford, 
Westinghouse for Wright ADC. 32 
pp. (PB 151721) $1.00. 


Calculated Behavior of a Fast Neu- 
tron Spectrometer Based on the 
Total Absorption Principle. J. E. 
Leiss, National Bureau of Standards. 
36 pp. (PB 151369) $1.00. 


Electronic Contrast Selector and 
Grain Spacing to Light Intensity 
Translator for Photographic En- 
largements. R. K. H. Gebel, Wright 
ADC. 11 pp. (PB 151585) $0.50. 


A Comparison of an Error-Correct- 
ing Eight-Unit Code with Other 
Teleprinter Codes for Binary Trans- 
mission and Ternary Reception. M. 
D. Lum, Wright ADC. 45 pp. (PB 
151659) $1.25. 


The Light Amplifier Kinescope Re- 
corder with a Speed of 10 Million 
ASA Units for Night Photography. 
R. K. H. Gebel. Wright ADC. 12 pp. 
(PB 151914) $0.50. 


Spacing of On-Off Controls: Part 2 
—Toggle Switches. J. V. Bradley, 
Aero Medical Lab, and R. A. Wallis, 
Antioch College, for Wright ADC. 
27 pp. (PB 151789) $0.75. 


Psychological Variables in the De- 
sign of Flight Simulators for Train- 
ing. F. A. Muckler and others, U. of 
Illinois for Wright ADC. 140 pp. (PB 
151859) $2.75. 


Attention Value of Audio and Visual 
Warning Signals. G. L. Kreezer, 
Washington University for Wright 
ADC. 87 pp. (PB 151908) $2.25. 


The Preparation and Characteris- 
tics of Thin Ferromagnetic Films. 
Air Force Cambridge Research Cen- 
ter. 139 pp. (PB 151525) $2.75. 


Design Study, Power Supply, Alter- 
nating Current, with Adjustable 
Characteristics. S. S. Burns, Mara- 
thon Mfg. Corp. for Wright ADC. 
131 pp. (PB 151777) $2.75. 


Preferred Circuits Handbook, Sup- 
plement 2, Navy Aeronautical Elec- 
tronic Equipment. 54 pp. (NAVAER 
16-1-519) $0.30. 
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4854. CHART OF THE ATOMS, 1959 Edition. Each, $7. 50 


Write for complete circular. 


W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 SEDGWICK STREET, DEPT. ISA, CHICAGO 10, ILLINOIS, U.S.A. 
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Choose From The Widest Variety 


Of Thermocouple Wires 


ESSN SSAA AQ MCAS 


Thermo Electrie co... 


SADDLE BROOK, NEW JERSEY 


Over 1500 
Different Types 


T-E’s tremendous variety of thermocouple 
extension wires assures you quick delivery 
of every type and size—from one reliable 
source. Dependable quality control is also 
assured by T-E’s own complete facilities 
for wire drawing, insulating and calibrat- 
ing. T-E duplex wires come in solid or 
stranded construction, in all standard cali- 
brations. The latest types of insulation 
and metallic armor overbraid protect them 
from all atmospheric, chemical and abra- 
sive conditions. From 6 to 56 pairs of T-E 
thermocouple leads can now be installed 
at one time with the new ““Therme-Cable” 
Also available—a complete selection of 


*MIL”- Spec Wire. 
See Our Full Line— 
Write for Wire Bulletin 32WS-13 


in Canada 
THERMO ELECTRIC (Canada) LTD. 
Brampton, Ont 
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YOUR OPPORTUNITY 
IN INDUSTRIAL 
INSTRUMENTATION 


Right now the need for trained men 
in the field of industrial instrumen- 
tation has established the fastest 
growing demand in industry. 


As a result, International Correspond- 
ence Schools has developed the In- 
dustrial Instrumentation Course 
based on an outline prepared by the 
Task Force Committee of the Instru- 
ment Society of America. For you 
it can offer new opportunity— 


If you want to get into the process in- 
strumentation field, you can qualify 
through correspondence instruction. 


If you’re already working in this field, 
then this course can qualify you for 
advancement. 


lf you’re employed in the manufac- 
ture of instruments, you'll learn basic 
principles of instrument operation. 


If you’re a maintenance man, this 
course Can increase your understand- 
ing of maintenance principles. 


If you’re a sales engineer, you can 
gain additional technical knowledge 
and confidence. 


if you’re a graduate engineer, you will 
get the latest information on instru- 
mentation processes. 


Write today for full information and 
free literature to: 


INTERNATIONAL 
CORRESPONDENCE 


SCHOOLS ICS 


DEPT. 43707A 
CIRCLE NO. 132 ON PAGE 109 
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How to Specify Servo Systems 

Plastic-bound 40-page engineer’s hand 
book and servo system specification guide 
simplifies the design and procurement of 
servomechanisms and their integration 
into more complex systems. Five sections 
of technical data include detailed design 
sheets, table of significant relationships, 
conversion and applications factors, etc. 
Superior Manufacturing and Instrument 
Corp. 

CIRCLE NO. 401 ON PAGE 109 


Solid-State Analog Control 

Complete details on PowrMag solid- 
state analog computer-control systems in 
6-page bulletin MSP-163. Describes entire 
system; diagrams show interchangeable 
circuits for various control functions. 
Typical installation of the unit with data 
processing system for overall plant control 
is illustrated. Hagan Chemicals & Con 
trols. 


CIRCLE NO. 402 ON PAGE 109 


Servomotor Catalog 

New 16-page servomotor catalog covers 
entire line of size 8 components; complete 
electrical and mechanical specs, outline 
drawings, schematics, torque-speed curves 
included. Units in 115-volt 400-cycle, and 
26-volt 400-cycle versions are listed. Beck- 
man/Helipot. 


CIRCLE NO. 403 ON PAGE 109 


Hydraulic Cylinders Guide 

Engineers, designers and production ex- 
ecutives who select and specify hydraulic 
cylinders will want catalog- engineering 
guide 117 which features a handy fold-out 
arrangement of mounting diagrams with 
easy-to-use direct - reading dimension 
charts, ordering info and parts list. Other 
helpful, “short-cut” info in 12-pages. S-P 
Manufacturing. 


CIRCLE NO. 404 ON PAGE 109 


Portable Comparator 

Lightweight, portable comparator de- 
scribed in bulletin F, which gives physical 
characteristics, four A.G.D. dial gage sizes, 
capacities and ranges available. Unit tilts 
20° for comfortable, parallax-free view- 
ing. Petz-Emery. 


CIRCLE NO. 405 ON PAGE 109 


Photo Instruments 

Four page bulletin on high-speed 70- 
mm range instrumentation camera; air- 
borne 35-mm wide-frame strike camera; 
photographic recorders; special purpose 
camera for use in ambient temperatures 
up to 200°C for 10 minutes; 35mm oscil- 
lograph recording and_ ballistic synchro 
camera. Benson-Lehner. 


CIRCLE NO. 406 ON PAGE 109 


Ferrous Metal Guide 

“Basic Guide to Ferrous Metals” is new 
binder-size version of wall chart which 
gives principal characteristics of steels 
across temperature range to 2900°F. Im- 
portant working zones, including pre- 
heating for welding, stress relieving, etc., 
are shown. Twenty-four common metal- 
lurgical terms defined and explained; 
diagram shows change in grain size with 
temperature rise. Tempil. 


CIRCLE NO. 407 ON PAGE 109 


Signal Generator Specs 

New 28-page book contains complete 
specifications and prices of 152 signal gen 
erators manufactured by 30 American and 
foreign companies. Specs are arranged in 
tabular form using common headings 
Instruments are arranged according to 
upper frequency range and run from 70 
kc to 40 mc; indexed by manufacturer 
and function. Technical Information. 


CIRCLE NO. 408 ON PAGE 109 


Resin Selector Charts 

Selector charts for potting compounds, 
coating, foams and bonding agents will 
help electronic engineer, designer or 
packaging specialist to pick exact resin 
that best fits his needs; definitions for 
such terms as casting, encapsulation, etc 
Plastic Associates. 


CIRCLE NO. 409 ON PAGE 109 


Linear Variable Transducer 

['wo-page bulletin G-2 describes linear 
variable differential transducer that has 
0.3 to 0.4% non-linearity over 3/4 of its 
full range. For missile, ground support, 
aircraft, automation and lab applications; 
operates over temperature range of —100 
to 350°F. Sensitivity is 1 millivolt out- 
put per 0.00l-inch displacement. Pacific 
ElectroKinetics. 


CIRCLE NO. 410 ON PAGE 109 


Industrial Wastes Treatment 
Industry bulletin—24 pages—is compila- 
tion of case histories on how instruments 
are applied to industrial waste treatment 
systems to prevent stream pollution. Deals 
with many different industrial 
problems. Minneapolis-Honeywell. 


CIRCLE NO. 411 ON PACE 109 
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Industrial Controls Catalog 

Combining information from 
other catalogs to present a comprehensive 
line, new publication lists such products 
as automatic temperature, pressure, level 
and flow controls, as well as counters, 
switches and automation controls. Section 
on electro-hydraulic actuators. General 
Controls Co. 
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NEWEST way to write performance... 


* 


SELF-BALANCING POTENTIOMETRIC RECORDER 


NO OTHER RECORDER OFFERS YOU AS MANY 
HIGH PERFORMANCE FEATURES...at any price! 


The old cliché, ““You can pay more but you can’t buy 
better” was never more applicable than in the new 
“servo/riter” recorder. Texas Instruments has devel- 
oped a self-balancing potentiometric recorder that 
incorporates premium engineering refinements, sensi- 
tivity, reliability and quality construction as standard 
equipment. 


High-Sensitivity — Standard electrical span of 2.5 
millivolt d-c with off-balance input resistance of 4 
megohms gives a power sensitivity of better than 
10—'* watts. 
Fast Pen Speed — Span step response is less than 
0.5 second. 


High Interference Rejection — Good filtering provides 
high orders of rejection to common-mode d-c and all 
types of 60 cps interference. Guard shields permit 
making full-accuracy measurements at hundreds of 
volts above ground. 


Long-Term Reliability — Tube life is prolonged by 


°° TEXAS INSTRUMENTS 
INCORPORATED 


GEOSCIENCES & INSTRUMENTATION DIVISION 
3609 BUFFALO SPEEDWAY *® HOUSTON 6, TEXAS ® CABLE: TEXINS 
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heat-dissipating shields. Amplifier gain is stabilized 
by partial negative feedback. Non-lash, non-wearing, 
toothed belt drive gives long consistent performance. 


Superior Operating Conveniences — Recorder func- 
tion is easily changed by plug-in input units. Presently 
standard are 2.5, 5, or 10 millivolt d-c electrical spans 
. special applications and ranges are easily accom- 
modated. “Micrometer” control for zero adjustment 
and main amplifier gain control are readily accessible 
as are all other adjustments, connections, and con- 
trols. The popular 10-speed chart gears and the high- 
capacity, easy-prime ink handling system proved on 
the “recti/riter”® recorder are standard equipment on 
the “servo/riter” recorder. 
There are four “‘servo/riter”’ recorder models to choose 
from .. . Single Channel, Narrow Grid; Single Channel, 
Wide Grid; Dual Channel, Narrow Grids; and Dual 
Channel (overlapping pens), Wide Grid. Write for 
technical literature and TI engineering assistance in 
your specific end or OEM use. 


The new “servo/riter” 
recorder is a companion to 
the proved “recti/riter” 
recorder. 


**“servo/riter” is a trademark 
of Texas Instruments 
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VARIAN 
Potentiometer 
RECORDERS 
Used by the thousands 


because... 


1. THEY ARE TRULY 


PORTABL. 


The Varian G-11A weighs only 
15 pounds and can be carried 
anywhere in the laboratory, 
plant or field. And because it is 
a potentiometer recorder, it is 
highly sensitive and can be 
adapted to extremely varied 
recording requirements. 


Varian recorder prices from $365; 
full-scale balancing time 1 or 23g sec- 
onds; ranges from 0-9 millivolts to 
0-100 volts, wide choice of speeds, 
accessories and charts. Full specifi- 
cations and description available by 
writing the Instrument Division. 


VARIAN 


associates 


PALO ALTO 24, CALIFORNIA 
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Temperature Control System 

Master-slave program control system for 
applications where temperature uniform- 
ity is of prime importance are detailed in 
4-page data sheet 660 (2). Schematic illus- 
trates flexibility of system; table describes 
each component; graph shows how sys- 
tem takes product through typical pro- 
gram without transfer to separate process 
equipment for subzero temperatures. 
Leeds & Northrup. 

CIRCLE NO. 413 ON PAGE 109 


One-Pan Analytical Balance 

Redesigned model of manufacturer's 
one-pan analytical balance is described in 
bulletin 659. Has many new features to 
provide fast, accurate, convenient and re- 
liable weighings. William Ainsworth & 
Sons, Inc. 


CIRCLE NO. 414 ON PAGE 109 


High-Capacity Flowmeter 

New high-capacity flowmeter featuring 
an integral bypass design is described in 
design spec sheet DS-132 which gives 
characteristics, includes diagram. Brooks 
Rotameter Co. 


CIRCLE NO. 415 ON PAGE 109 


Electronic Sensing Control 

Electronic sensing control for detecting 
counting, measuring and recognizing ob- 
jects as they enter a capacity field is cov- 
ered in 2-page bulletin 400. Methods of 
operation, details of components and 16 
applications with four diagrams. Security 
Controls. 
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“Lightguard” Switch 

One-page bulletin includes design de- 
tails, characteristics, schematic diagram of 
“on - at - dusk — off - at -dawn” electronic 
switch. Gives some applications. Schnacht 
Electronic Mfg. Co. 
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Zener-Voltage Tester 

Catalog sheet 115 gives descriptive info, 
specs, prices on unit for direct reading of 
zner voltage as well as testing for zener- 
diode impedance. Electronic Research As 


sociates. 
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Pressure Valves 

Valves which act as pressure reducers, 
relief valves or pump governors with oil, 
steam, water, gas or air are described in 
!-page bulletin. For initial working pres 
sures to 600 psi up to 750°F and reduced 
pressures in ranges from 3-150 psi. Ap- 
plications, capacity tables. Atlas Valve Co. 
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VARIAN 
Potentiometer 
RECORDERS 
Used by the thousands 


because... 


2. PERFORMANCE AT 


OW COS: 


As little as $365 fora sensitive, 
rugged potentiometer recorder. 
Varian Recorders are accurate 
to 1% and rugged enough to do 
round-the-clock production- 
line checkout or round-the-cal- 
endar monitoring of long-term 
laboratory experiments. 


Full-scale balancing time 1 or 24g sec- 
onds; weight 15 pounds; ranges from 
0-9 millivolts to 0-100 volts; wide 
choice of speeds, accessories and 
charts. Full specifications and des- 
cription of models available by writ- 
ing the Instrument Division. 


VARIAN 


PALO ALTO 24, CALIFORNIA 
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VARIAN 
Potentiometer 
RECORDERS 
Used by the thousands 


because... 


3. ANYWHERE USED, THEY 


SAVE SPAC 


Equipment manufacturers 
praise the Varian G-11A be- 
cause it fits neatly into instru- 
ment panels, occupying th the 
space of a conventional -sized 
recorder. Lab men appreciate 
Varian’s portable versions be- 
cause they add so little clutter 
to bench or table. 


1% limit of error; 1 or 23g second full- 
scale balancing time; ranges from 
0-9 millivolts to 0-100 volts; wide 
choice of speeds, accessories and 
charts; prices from $365. For all the 
facts, write the Instrument Division. 


VARIAN 


associates 


PALO ALTO 24, CALIFORNIA 
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Digital Calendar 

Bulletin 2800 describes digital calendar 
and clock-calendar combinations which 
produce a digital, decimal representation 
of the date in months, days, and time to 
nearest minute, tenth of minute or sec 
ond. Automatic correction for 30 and $1 
day months and Leap Year. For use in 
computer and _ data-handling systems. 
Chronolog Corp. 
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Purge Meter Line 

New line of glass-tube purge meters 
withstands toughest industrial use. Tech- 
nical bulletin TP-1-RM, four pages, de- 
scribes low-capacity flow meters, gives 
design features which make them con- 
venient and reliable in purge, liquid lev- 
el control and other applications. Descrip 
tion, specs, diagrams. Wallace & Tiernan, 
Inc. 
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Torque Meters and Indicators 

Complete line of torquemeters and in 
dicators in standard ranges from in. oz 
full scale through 30,000 in. Ib full scale 
and high speed capability to 50,000 rpm, 
are illustrated and described in two bul 
letins. B&F Instruments. 
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Instrumentation Tape Recorders 

Unusual amount of information on 
high - performance, general - purpose re- 
corder/reproducer is included in 20-page 
booklet on 100 Series instrumentation 
magnetic tape recorders. Performance fig- 
ures on Direct, FM, PDM and digital re 
cording are included. Many on-the-job 
applications shown. Ampex. 
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Formula Programer 

Formula capsule which eliminates man 
ual errors in blending, proportioning and 
batching operations by automatically set- 
ting correct proportions of feeds, grains, 
chemicals and similar materials is de- 
scribed in product data sheet 5904. Rich- 
ardson Scale Co. 
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Malfunction Detector 

Vibration-sensitive device that protects 
rotating and_ reciprocating machinery 
from extensive damage resulting from 
mechanical malfunction is detailed in 4- 
page bulletin 5915. Description, operation, 
typical installation, circuit diagram and 
specs. Robertshaw-Fulton. 


CIRCLE NO. 425 ON PAGE 109 


Pressure Controller 

Pneumatic controller for pressures up 
to 170 psig and for differentials from —30 
to +30 in. H,O described in new 2-page 
product spec P41-2. Schematic drawing 
shows operation; complete tabulation of 
piping recommendations are included. 
Bailey Meter. 
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VARIAN 
Potentiometer 
RECORDERS 
Used by the thousands 


because... 


4. ACCESSIBILITY IS 


NOTE-ABLE 


The Varian G-10’s open, hori- 
zontal chart is the delight of any 
man who writes notes. And this 
recorder is so compact that it 
can be moved right in close to 
the work, letting you keep your 
eyes on the experiment and 
your pencil on the chart. 


Prices from $365; 1% accuracy; 1 or 
23g second full scale balancing time; 
adjustable or fixed spans 10 to 100 
millivolts; wide choice of speeds and 
accessories. Full specifications and 
description in Varian literature. Write 
the Instrument Division. 


VARIAN 


associates 


PALO ALTO 24, CALIFORNIA 
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An expanding field for your special skills . . . 


DEVELOPMENT OF ADVANCED 
PROCESS CONTROL SYSTEMS 


IBM’s newly formed Advanced Systems Development Division 
ojfers assignments in the development of automatic computer 
control systems and application concepts. 


A new division has been established by IBM to develop advanced 
concepts and techniques in the design and application of computer 
systems for new fields. This new division represents an interesting 
opportunity to work with newly developed technologies. The entire 
division is engineer-oriented; its sole purpose is to develop new 
systems and services to be marketed in several years by IBM. One area 
of immediate interest is the achievement of advanced systems and 
concepts for the automatic control of industrial processes of all types. 


Careers are available to engineers, scientists, and mathematicians with 
experience in the process industries: 


chemicals - petroleum - metals - utilities . paper - rubber 


Knowledge and skill is required in two or more of the following areas: 
e process design or operation 

e mathematical model building 

e data handling and data processing 

e control engineering 

e instrumentation 


Qualifications: Advanced degree in Science, Engineering, or Mathe- 
matics and related experience . . . plus the ability to work well with 
a wide variety of industrial personnel. To extend your present abilities, 
training in process control and computer application will be available. 


ADVANCED SYSTEMS DEVELOPMENT DIVISION 


For details during the ISA Instrument-Automation Conference and Exhibit 
at Houston, call Mr. J. E. Russell, CA 3-4721, extension 212, or write, 
outlining your qualifications and experience, to: 


Mr. T. E. Burns, Dept. 718M, IBM Corporation 
Advanced Systems Development Division 
2651 Sprang Bivd., Yorktown Heights, New York 








ISA Journal 


new literature 





Machine Tool Control 

Numeric control positioning system 
which provides automatic positioning of 
a two-axis table from a_pre-programed 
punched l-inch tape is described in 8 
page brochure. Gives operation, tape 
preparation and production, control op- 
eration, specs, advantages, etc. Hughes 
Products. 
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Radiation Instruments 

Manufacturer’s complete line of radia- 
tion detection and measuring devices is 
described in 36-page catalog 1-60. Includ- 
ed are proportional counters, scalers, 
pulse-height analyzers, universal shields, 
monitoring systems, portable survey me- 
ters, counting ratemeters, well counters, 
etc. Nuclear Measurements. 
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Pyrometer Indicators 

Bulletins 0031 and 0032 cover operating 
features, applications, standard ranges 
and specs on two pyrometer indicators. 
Include recommendations on thermocou 
ples and instruments for specific applica- 
tions. Atlantic Pyrometers. 


CIRCLE NO. 429 ON PAGE 109 


Continuous Stream Analyzers 

Catalog FL-4000, 7 pages, gives descrip- 
tion, specs and typical applications for 
industrial pH equipment, gas chromato- 
graphs, infrared analyzers, oxygen analyz- 
ers, flow colorimeter, other industrial 
analysis instruments. Beckman. 
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Recording Annunciator 

Bulletin 102A illustrates and fully de- 
scribes recording annunciator—large and 
small systems, printer and unique direct- 
ly-readable alpha-numerical digital tape 
which requires no decoding. Complete 
technical details include spec data sheet. 
Panellit, Inc. 
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Magnetic Tape Transports 

Magnetic tape-loop transports and reel 
to-loop adapter shown in specs DS 3191 
and 3210. Three _ instrumentation-grade 
transports listed. Memory, time delay and 
wave analyses among applications given; 
threading and loop-playing-time charts 
Minneapolis-Honeywell. 
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Microphotometer 

Illustrated brochure gives full informa- 
tion on new projection comparator-micro- 
photometer for spectrographic analysis. 
Compares unknown spectra with master 
spectra and measures either percent trans- 
mission or density of spectral lines. Ap- 
plied Research Labs. 
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Millimicrosecond Quantizer 

Two-page technical bulletin 104A de- 
scribes operational characteristics and 
technical specs of millimicrosecond quan- 
tizer, and electronic chronograph that 
measures time between events to a reso- 
lution of 20 millimicroseconds with an 
accuracy of | part in 10° per day. Com- 
puter Equipment Corp. 
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Automatic Chart Reader 

Literature, including basic specifications 
questionnaire, available on automatic 
chart reader that reads, converts and com- 
putes; can be programed into tape punch- 
es, card punches, magnetic tape recorders, 
etc. No need for analysts on “curve fol- 
lower” operators. The Geotec hnical Corp. 
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Submaster Regulator 
Pneumatically - operated temperature 
controller for remotely-adjusted tempera- 
tures in heating, air-conditioning and in- 
dustrial processes is fully described in 10 
page form P-73. Gives applications, many 
diagrams, ilJustrated sections on calibra- 
tion and maintenance, specs, all you'll 
want to know. Powers Regulator Co. 
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Solenoid Valve Guide 

Stock list and selection guide on sole- 
noid valves in 16-page catalog 506; con 
tains engineering info, simple selection 
guide and flow diagrams for every type 
of manufacturer's on-the-shelf stock. 
Automatic Switch. 
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Power Connectors 

Illustrated, 12-page technical catalog on 
miniature rectangular power connectors 
for heavy-duty applications in guided mis- 
siles, aircraft and electronic equipment 
includes complete specs, outline dimen- 
sions, general information. DeJur Amsco. 
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Frequency Meters 

Twenty-page bulletin on frequency me- 
ters includes new ranges, sizes and designs 
of standard and precision resonant-reed 
frequency meters, portable and _ switch- 
board models, 2144 to 9 inch diameter. 
Complete information, characteristics, 
etc., in bulletin 32-90. Literature list in- 
cluded. James G. Biddle. 
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Belt (Stream) Weigher 
Pneumatically - operated _ belt 
weigher for continuous weighing of dry 
materials at low-to-medium rates is sub- 
ject of 2-page bulletin 36.20-1. Ideal for 
continuous process industries, food proc- 


(stream) 


essors, chemical plants, etc. Capacity of 
0 to 3000 Ibs per minute and accessories. 
B-I-F Industries. 
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Pulse Transformers 
Catalog and application 
page on pulse transformers contains sec 


tions on definitions, ordering info, pulse 
applications aids, 


transformer theory, 
testing and inspection tolerances, mini 
ature and subminiature pulse transform- 
ers, pulse modulation and 
transformers. Pulse Engineering. 
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magnetron 


Electromechanical Switches 

Stock lists, including prices information 
and stocking locations, cover off-the-shelf 
automatic transfer switches, contactors, 
remote control switches, relays, solenoids, 
battery chargers, etc. Automatic Switch 
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manual, 24- 


Transistor Power Supplies 

I'wo-page bulletin covers complete line 
of transistorized power supplies featuring 
more than 60 off-the-shelf models includ- 
ing dual-output types. New design fea 
tures are plug-in amplifiers, bias supplies 
and relay units with protective circuits 
Complete specs and prices. Mid-eastern 


Electronics. 
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Magnetic Clutch Applications 

“Magnetic Clutches and Their Appli 
cations” is subject of 18-page technical 
booklet which has complete details on de 
sign and applications, technical and test 
ing specifications. PIC Design 
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FAST! 
VERSATILE! 
REVOLUTIONARY! 


THE Crs) MODEL 202 


LINEAR PROGRAMMED 
TEMPERATURE 


GAS;CHROMATOGRAPH 





OUTSTANDING FEATURES INCLUDE 


1. The column temperature con be increased linearly 
during a run at heating rates of 3.3, 4.6, 6.4, 
9.0, 13, 18, 25, 35, and 48°C. per minute. 

. High sensitivity 100,000 ohm thermistor detector. 

. Thermostated temperoture control to 300°C. for 

the detector. 

Independent preheater control to 500°C. 

. Programmed or isothermol column temperature 

control to 400 C. 

Automatic cooling of about 50 C. per minute. 

Six minutes to change column and regoin bose- 

line. 

. Prep-scole attachment for 5 mi. samples. 

. Design readily adaptable to other detector sys- 
tems. 


UNIQUE SEPARATIONS POSSIBLE 


Hz. O2, Nz, CO, methane, ethane, CO2, and ethyl- 
ene ore readily separated (see chromatogram) using 
a single Molecular Sieve 5A column and the pro- 
gramming technique. Wide boiling mixtures such as 
methyl! esters of dibasic fatty acids from Co to Cy1, 
hydrocarbons from C4 to Cae, all the hydrocarbons 
from C2 to Cs, etc. are also readily seporated on 
a single column. Using constant temperature opera- 
tion, these analyses are impossible or impractical 
except by use of multi-column techniques. 


WRITE FOR 


A 15 page report describing the principles and 
applications of *‘Linear Programmed Temperature 
Gas Chromatography"’. Chromotograms showing 
prep-scale separations, analysis of wide boiling 
mixtures, ond analysis of permanent and light 
hydrocarbon gases are presented. 





F&M SCIENTIFIC CORPORATION 





1202 Arnold Avenue, New Castle County Air Base 
New Castle, Delaware EA 8-6606 
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You don’t catch this kind! Here in the 
Palm Beaches it's considered o “‘glor- 
ified’ surfboard. And you can get 
mighty wet riding one, but it’s loads of 
fun. At Riviera Beach, the employee's 
paradise, weekends are filled with 
sun, sand and the Sailfish! 
The Lewis Terminals Industrial Park is 
also in Riviera Beach. It's the ideal site 
tor your industry, 

i Complete site readiness 

Land, Sea, Air and Rail shipping 

i” Reasonable taxes 

@ Ideal year-round climate and 

living conditions 

We'd like to tell you more about it 
Drop us a line and we'll send you a 
color brochure. Better yet come 
and visit us.* 


LEWIS TER 


“An established Industrial Park’ 


P. O. BOX 616, RIVIERA BEACH BRANCH 
WEST PALM BEACH, FLORIDA 
@ * Bring your swimsuit. Ad 58142(1) » 
@©0€200000000600000880080 
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You Get Things Done With 
Boardmaster Visual Control 


























yy Gives Graphic Picture of Your Opera- 
tions—Spotlighted by Color 

* Facts at a glance—Saves Time, Saves 
Money, Prevents Errors 

yy Simple to operate—Type or Write on 
Cards, Snap in Grooves 

vy Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

‘’° Made of Metal. Compact and Attrac- 
tive. Over 500,000 in Use. 


Full price $49.50 with cards 
24-PAGE BOOKLET NO. B-40 
FREE 


Without Obligation 
Write for Your Copy Today 
GRAPHIC SYSTEMS 
Yanceyville, North Carolina 
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Portable Impedance Bridge 
Detailed catalog sheet C-16 on new 
portable universal impedance bridge gives 
complete specs and operating data on 
line-operated and battery portable models 
generator-detector. Con- 
servative accuracy ratings: 0.2% for ca- 
pacitance, 0.1% for resistance and 0.3% 
for inductance. Electro Measurements. 
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with accessory 


Shaft-Position Encoders 

Four-page bulletin 300-5 is summary of 
manufacturer's standard shaft-position en- 
coders, includes information on rotation, 
readout, code, model number and special 
features, plus references to catalogs and 
bulletins for more detailed information. 
Datex. 
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Electronic Time-Delay Relays 

Small, lightweight, electronic time-de- 
lay relays with delay times from 50 milli 
seconds to 50 seconds are shown in 8 page 
bulletin 376-100REV. All 18 units shown 
are designed in accordance with military 
specifications. Master Specialties. 
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Recording Oscillograph 

Oscillograph which records up to 50 
channels of static or dynamic data is de- 
scribed and illustrated in 16-page bulletin 
1536 which includes operation details, 
outstanding features, electronic flash-tim- 
ing system description, specs and accessor- 
ies. Consolidated Electrodynamics. 


CIRCLE NO. 448 ON PACE 109 


Current Generators 

Single catalog bulletin describes 2-chan 
nel and 4-channel millimicrosecond cur- 
rent generators which provide fast rise- 
time, high power, current-pulse outputs. 
Modular plug-in construction for versatil- 
ity of performance and applications. 
Complete specs, photo. Electro-Pulse, Inc. 
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Solenoid-Lock Mechanism 

Bulletin 18 
solenoid locking 
switches. Dimension drawings, photos of 
typical installations, data on solenoid rat- 


application of 
rotary 


describes 
mechanism to 


ings. Electro Switch. 
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Airborne Tape Recorder 

Details of airborne and mobile mag- 
netic tape recorder presented in illustrat- 
ed bulletin 1607; specs and operating de 
scription included. Unit is designed for 
high-altitude operations and temperature 
range from —54 to 71°C. Consolidated 
Electrodynamics. 
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MICRO-MODULE 
UHF TRANSISTOR 
PHOTO 
SYSTEMS 


HIGH 
RESOLUTION 


“YALE” CAMERA 


Custom-built precision camera systems for 
ultra-resolution of patterns . . distortion 
free . . . on Kodak high-resolution plates, 
1 x 3” or 2 x 10”. Diamond 

Ordnance Fuse Laboratory 

type as described in litera- 

ture with increased range 

and convenience . . . micron 

range tolerances. 

Write us with full details of 

your project. Delivery sched- 

ules now my ey 

Free 132 pg. oto Equip- 

ment & Instrumentation 

Catalog. 











BURKE & JAMES, I! 
321 S.Wabash Chicago 4, Iilinois 
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OXYGEN 
PURITY 
RECORDER 














Range 99 to 100% 05 


A record of oxygen 
purity shows trends 
in the operation of 
an air rectifying col- 
umn. Corrections are 
made early, controlling 
output purity within 
1%. Maximum pro- 
duction is obtained 
while product quality 
is maintained. 


Send Today: For information on all 
types of Thermco’s gas analyzers. 


No obligation. 


CORPORATION 


Highway U.S. #20 
LA PORTE, INDIANA 
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Magnetic Solenoid Valves 

Complete line of electrically-controlled 
magnetic solenoid valves described and 
illustrated in 20-page catalog. Complete 
specs in convenient chart form on valves 
for control of water, oil, steam, air, solv- 
ents, gas and chemicals. Magnatrol Valve 
Co. 
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Temperature Controls 

Complete specs on adjustable surface 
mounting temperature controls, two for 
general 50 - 300°F range and one for 50- 
600°F, in 2-page catalog sheet MC-186. 
Details on 11 different modifications. Fen- 
wal, Inc. 
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Data Processing Equipment 
Brochures give features, specs and ap- 
plications on new high-speed digital plot- 
ter, tape preparation and editing console 
and plotting switches. Tally Register. 
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Magnetic Limit Switch 

I'wo-page bulletin on magnetic limit 
switch for applications where no-force 
actuation is needed includes specifications 
description, application, ordering infor- 
mation and diagrams. Consolidated Con- 
trols. 
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Infrared Analyzer 

Details on small, portable infrared ana- 
lyzer given in 4-page illustrated bulletin 
0705-3. Applications are outlined; schem- 
atic drawing shows operational principles; 
complete performance specs. For many 
gas analysis problems. Mine Safety Ap- 
pliances. 
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Voltmeter 

Illustrated bulletin covers features of 
voltmeter and specifies its applications. 
Paper includes specs and schematic dia- 
gram of unit. Southwestern Industrial 
Electronics. 
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Thermocouple Terminal Boxes 
Illustrated bulletin describes new line 
of weatherproof multi-junction thermo- 
couple terminal boxes. Lists dimensions 
and capacities, which range from 6 to 100 
thermocouple circuits. Drawings, detailed 
specs on all features. Thermo-Electric 
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Multiple-Reflection Galvanometer 

Extremely-sensitive, self-contained spot- 
light galvanometer for research and pro 
duction lab use is fully described in 5- 
page technical brochure which gives in 
detail the design features, principles of 
operation, etc., and includes diagrams. 
Photovolt Corp. 
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EXTREME LOW TEMPERATURE INTRODUCES CHALLENGING PROBLEMS FOR CREATIVE ENGINEERS 


INSTRUMENT ENGINEER 


Central Engineering Department seeks ME or ChE to specify 
instruments and safety valves for entire job, review ven- 
dors’ proposals and participate in vendor selection. Will also 
coordinate instrumentation among Project Engineers, cus- 
tomers and other design groups. Desire 4-6 years’ instru- 
ment engineering. Knowledge of prominent makes and 
manufacturers of pneumatic and electrical instruments re- 


quired. 
oti Produele. OFFERS 


Outstanding corporate growth record thus creating new 
opportunities for individual growth. 

Substantial backlog of orders and future prospects pre- 
sent advancement opportunity. 

Broad market diversification including basic steel pro- 
ducers, chemical, petrochemical, refinery, natural gas and 
defense customers. 

Company develops, designs, manufactures, constructs 
and operates its own equipment. 

Location: suburban living yet near Philadelphia and New 
York for metropolitan advantages. Excellent school and 
recreational facilities. 

Liberal benefit program including tuition refund. 

Well evaluated salary program. ® Relocation paid 


Please send resume to BE. J. Strobel, 


Technical Personnel Manager, Dept. 533 


. INCORPORATED P.O. Box 538, Allentown, Pa. 











CONTROL ENGINEERS 
CHEMICAL ENGINEERS 


RW-300 COMPUTER SYSTEMS 
FOR PROCESS CONTROL 


The Thompson-Ramo-Wooldridge Products Company is 
seeking chemical, electrical, or mechanical engineers 
with training or experience in process or control 
system analysis, analog or digital computers, and 
instrumentation. Staff members at TRW Products work 
in small teams designing and evaluating RW-300 
computer control systems for the process industries. 
Experience in the petroleum refining, chemical, steel, 
or electric power industries is particularly desirable. 
Applicants with advanced degrees are preferred. Those 
interested are invited to call BRadshaw 2-8892 or write: 


Dr. Thomas M. Stout, Process Analysis Department Manager 


THE THOMPSON -RAMO-WOOLDRIDGE 
PRODUCTS COMPANY 


a division of Thompson Ramo Wooldridge Inc. 


202 North Canon Drive + Beverly Hills, California 








January 1960, Vol. 7, No. 1 








PACE 


MODE ~ ii 


Uv 
Nn 


o 


wosereweesonee es 
eo 
o 


eoterre, 

eo” “. 
* 

°oae as =o" 


Pa 
o 
C2 


a 
. 


™ oo” 
nesses” 


magnetic reluctance 
PRESSURE 
TRANSDUCER 


Ranges: 200 to 10,000 psi — Gage or 
Absolute. 





Pressure Media: Corrosive liquids, gases 
and solid suspensions, 


Insensitive to Shock and Vibration. 


PACE's Model P2 is designed for static 
and dynamic measurement in missile, 
aircraft, laboratory and ground test 
applications. 


at W\ Og 


engineering company 
13035 Saticoy Street 
North Hollywood, California 
TRiangle 7-7139 
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LISTING 
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ASSOCIATED CONTROL EQUIPMENT, INC. 
C. A. Dally, P. E. 
Engineering — Manufacturing 
Special Contro! Equipment and Systems 
Coraopolis, Pa. 
(Pittsburgh District) 


P. 0. Box 136 
Tel: AMherst 4-8161 














RECORDING CHARTS 


Now you can supply all your circular and 

strip recording chart needs from one source 
save time, money and paper work. Send 

for newly revised Stock List and Catalog 


TECHNICAL SALES CORPORATION 
16599 Meyers Road, Detroit 35, Michigan 








WANTED 
ENGINEERING EDITOR 


Excellent opportunity as junior editor for 
an instrument and control magazine. Must 
be graduate engineer between 25-30 years 
of age, and must have experience in elec 
tronic instrumentation or related equip 
ment and proven ability to do technical 
writing. Opportunity for training and ad 
vancement. Submit resumes to Box 2107, 
c/o ISA Journal 
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Temperature Alarms 

Alarms for temperature-controlled areas 
between —130 and +4750°F requiring ac- 
curacies to +0.1°F are described in one 
page bulletin. Units operate with mercury 
column thermostats in either local or re- 
mote applications. Philadelphia Scientific 
Glass Company. 
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Thermometers 

Iwo new catalog sheets: complete spec 
sheet on basic thermistor thermometers; 
half-scale reproduction of meter scale 
plates of Tele-Thermometers. Cover each 
of 21 ranges offered from —50 to 300°F. 
Yellow Springs Instrument Co. 
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FM Measuring Systems 

Product bulletin 104 gives description 
and specs on 144-channel system, charac- 
teristics of FM oscillators and descriptions 
of related components. Wiancko Engi 
neering Co. 
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Level Transmitters 

Pneumatic force-balance 
for measurement of level ranges of 1” 
H,O to 2000” H,O covered in 4-page pro- 
duce specification P31.1. Diagram illus 
trates operation of exclusive reset booster 
relay. Bailey Meter. 
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transmitters 


Rotary-Paddle Feeder 

New rotary-paddle feeder designed to 
assure even, uninterrupted flow of non- 
flushy ground and small-size granular 
materials by eliminating pile-up or pack- 
ing is featured in 2-page data sheet 5901. 
Specs, photos and isometric drawings 
Richardson Scale. 
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Butterfly Valves 

Kight butterfly valve designs are pre 
sented in tabular form for easy compari 
son and selection in 4-page condensed 
bulletin 50-1. Sizes from 1” to 108”; pres 
sure drops to 1200 psi; temperatures to 
2000°F. Continental Equipment. 
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Automatic Weighing Systems 

Automatic measurement and control of 
bulk materials through unitized weigh 
ing systems of pre-engineered compon 
ents is subject of bulletin 14, which de- 
fines control capabilities and explains ap- 
plication of standardized systems of in 
strumentation to batch and continuous 
weighing methods. Weighing and Control 
Components. 
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TANKOMETER 


FOR MEASURING TANK CONTENTS 
ANY DISTANCE AWAY 


TANK MAY BE BURIED, 
ELEVATED, OPEN, 
CLOSED, VENTED OR 
UNDER PRESSURE OR 











Also gauges for: 

Barometric Pressure (Mercury Column) 
Absolute Pressure (Mercury Column) 
Pressure and Vacuum 
Differential Pressure 
Inclined Manometers for dratt, 
pressure or differential pressure. 


SEND FOR BULLETINS 


UEHLING INSTRUMENT CO. 


463 GETTY AVE., 
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PATERSON, WN. J. 





DEPARTMENT 
MANAGER 


Industrial 


Controls 


Great Lakes Location. Recent- 
ly formed division of a large Mid- 
west Hydraulic/Servo Controls cor- 
poration diversifying into Machine 
Tool Controls and related compati- 
ble products. We are seeking a senior 
engineer with product development 
experience to manage a new organi- 
zation. 

This young executive must have am- 
bition and superior technical compe- 
tence to administer a group who will 
develop a line of unique new prod- 
ucts. As a staff member (reporting to 
the General Manager) his compensa- 
tion will be in the high teens plus 
vested profit sharing. For additional 
information, please call or write our 
consulting people: 


BILL JAMES & ASSOCIATES 
132 S. Central — ALpine 3-5865 
Phoenix, Arizona 














classified 
advertising 


POSITIONS WANTED: 75c per line, minimum 
three lines. Box number counts as one line 
Payable in advance. No discount. 

POSITIONS OPEN, etc.: $1.50 per line, mini- 
mum three lines. Box number counts as one 
line 

50 charactcrs and spaces per line. 

DISPLAY AD (up to 4%”): $14.00 per column 
inci. Minimum 1 column inch 

All other size ads—standard advertising rates 

apply. 

Sopy, must reach the ISA Journal, Granite Bidg., 

313 Sixth Ave., Pittsburgh 22, Pa., not later than 

10th of month preceding date of publication. 
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ELECT-MECH ENG. LIAISON. Design and make tools 
dies, working models, ‘‘Rube Goldberg’’ testers. Pro 
duction troubleshooter 8 yrs. R&D Westinghouse. 
Tech Asso State Certified. W. Walkup, West Spring 
field, Mass. Resume 





| REPRESENTATIVE AVAILABLE 





MFRS REPRESENTATIVE desire Instrument or allied 
lines. Texas, or part Oklahoma. Experienced men 
Write Box 2120, ¢/o ISA Journal 





INSTRUMENTATION 
ENGINEER 


Engineering degree and 3 years re- 
cent experience in operation, appli- 
cation, specification and selection of 
instrumentation and electronic and 
pneumatic controls for Refineries and 
Cherrical Plants. Opening in our 
Cleveland offices. 


detailed resume to 


G. VICTOR HOPKINS 


ARTHUR G. McKEE & CO. 
2300 Chester Ave., Cleveland 1, Ohio 








CHEMICAL, 
PETROLEUM OR 
POWER ENGINEERS 


The Foxboro Company is adding 
to its group of staff sales engi- 
neers to keep pace with its stead- 
ily increasing share of the in- 
dustrial instrumentation industry 
market. Men needed should be 
graduate engineers with several 
years of instrumentation or proc- 
ess control experience in the 
chemical, petroleum, gas or pow- 
er industries. You must be sales 
minded and should enjoy work- 
ing with our customers and sales 
personnel. If you feel qualified 
for one of these challenging ca- 
reer opportunities send a letter 
and resume to: 


Engineering Recruitment Office 


REG. U.S. PAT. OFF. 


THE FOXBORO COMPANY, FOXBORO, MASS. 








FIELD SALES MANAGER WANTED 


Forty year old, well established, midwest me- 
dium size industrial instrument manufacturer 
wants experienced field sales manager to work 
with manufacturer's representatives 
Nationwide. Objective—increase sales of present 
products and find applications for new products 
Advise full past experience and salary require- 
ments 


Write Box 2129, c/o ISA Journal 














LOOKING FOR A REPRESENTATIVE, WANT TO 
FILL A POSITION, LOOKING FOR A POSITION? 
Use classified advertising in the ISA Journal. 
Send your copy, etc. to Classified Department, 
1SA Journal, 313 Sixth Ave., Pittsburgh 22, 
Pennsylvania 








Engineering graduates with experience 


mentation required. Knowledge 


and measurement standards also desirable. 


Exceptional opportunities, 





INSTRUMENTATION ENGINEERS 


with interest in 


PRODUCTION-DEVELOPMENT -RESEARCH 


The development and application of instrumentation and automation techniques to production, 


development, and research programs in Nuclear Energy Installations. 
in electronic or 


of data acquisition, 


competitive salaries, modern and unique facilities, 


plans, educational and training programs, plant interview and family moving expenses 


climate, year around outdoor recreational activities, 


OAK RIDGE NATIONAL LABORATORY 
OAK RIDGE Y-12 PLANT 
GASEOUS DIFFUSION PLANTS, 


Oak Ridge, Tennessee, and Paducah, Kentucky 


Send your resume to: 


UNION CARBIDE NUCLEAR COMPANY 


Central Technical Personnel Office, P. O. Box M, Oak Ridge, Tennessee 


pneumatic process contro! instru- 


system analysis, analytical instruments 
benefit 


moderate 


liberal 


low cost living, available housing. 
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> coming events 


*Denotes ISA Sponsored or Participating Meeting 











JANUARY 1960 


January 25-28—Annual Meeting Institute 
of Aeronautical Sciences, New York 
City. Contact: IAS, 2 East 64th St., 
ms ae Ee Be Be 


Janu 25-29—-Stress Measurement Sym- 
posium, Arizona State U. Sponsor: 
“Strain Gage Readings.” Contact: Pe- 
ter K. Stein, “Strain Gage Readings,” 
5602 East Monte Rosa, Phoenix, Ariz. 


5—1960 Winter Gen- 
eral Meet E Committee on Com- 
gutine Devices and Digital Computer 
ubcommittee, New York City. Con- 
IEE, 33 West 39th St., 


Janua 31-Febru: 


tact sponsor: A 
wm. Y. 


FEBRUARY 1960 


*Februa: 1-4—ISA Instrument-Automa- 
tion inter Conference and Exhibit, 
Rice Hotel and Sam Houston Coliseum, 
Houston, Tex. Contact William H. 
Kushnick, Executive Director, Instru- 
ment Society of America, 313 6th Ave., 
Pittsburgh 22, Pa. 


February 3-5—1960 Winter Convention on 
Military Electronics, Ambassador Ho- 
tel, Los Angeles, Calif. Contact spon- 
sor: IRE, 1 E. 79th St., N. Y. 21, N. Y. 


ety op 18- 19—Sth Annual North Central 


rea Aut St. Paul, 
Minn. Sponsor: isa" tyin Cities Sec- 
tion, Contact: . copper, Minne- 
apolis- ue e153. ourth Ave. 
South, Minneapolis 8, Minn. 


February 29-March 4—11th Pittsburgh Con- 

ference on Analytical Chemistry and 
Applied Spectroscopy. Pittsburgh. Con- 
tact: W. J. Feingold, Westinghouse 
Electric Corp., Semiconductor Dept., 
Youngwood, Pa. 
One Day Symposium on Molecular 
Fluorescence and Phosphorescence to 
be held during above conference. 
Sponsor: ASTM Subcommittee on 
Fluorescence Spectroscopy. Contact: 
Dr. Goldzieher, Southwest Foun- 
dation for Research and Education, 
P. O. Box 2296, San Antonio, Texas. 





MARCH 1960 


*March 21-24—IRE National Convention, 
New York, New York. Contact spon- 
sor, 1 East 79th St., N.Y. 21, N.Y. 


* March 23-24—10th ISA Iron and Steel In- 
strumentation Conference, Pittsburgh, 
Pa. Sponsor: Pittsburgh Section, ISA. 
Contact: J. Ward Percy, U.S. Steel 
Research Labs., Monroeville, Pa. 


APRIL 1960 


wApril 3-8—6th Nuclear Congress, New 
York City. Sponsor: coop- 
erating. Contact: Director, Technical 
& Educational Services, ISA, 313 6th 
Ave., Pittsburgh 22, Pa. 


*April 4-6—3rd Annual ISA Chemical and 
Petroleum Instrumentation Symposium, 
Rochester, N. Y. Contact: Director, 
Technical and Educational ie 
ISA, 313 Sixth Ave., Pittsburgh 22, 


x April 5—Application of Computing Tech- 
niques to the Process Industries, Essex 
House, Newark, N. J. Sponsor: New 
Jersey Section, ISA. Contact: Dave 
Hankinson, Bailey Meter Co., 110 Hal- 
sted St., East Orange, N. J. 


April 7-8—Informal Symposium on Pilot 
Plant Automation, Monrovia, Calif. 
Sponsor: Consolidated Systems Corp. 
Contact: Sponsor, Attn. Process Sym- 
a. 1500 S. Shamrock, Monrovia, 
Calif. 


April 18-19 — Third Annual Conference 
on Automatic Techniques, Cleveland, 
Ohio. Sponsors: AS . IEE. 
Contact: Publicity Chairman, 
530, 1213 West 3rd St.., Cleveland. 


Room 


April 19-21—International Sym jum on 
Active Networks and Feed ack Sys- 
tems, New York City. Sponsor: Micro- 
wave Research Institute, Polytechnic 
Institute of Brooklyn. Contact: Spon- 
sor, 55 Johnson St., Brooklyn 1, N.Y. 


April 20-22—Texas A&M Symposium on 
Instrumentation, Texas A&M. Bryan, 
Texas. Sponsor: Texas A&M. Contact: 
John F. Pink, Southwestern Industrial 
Electronics, 10201 Westheimer Rd., P.O. 
Box 13058, Houston 19, Texas. 


April 20-22—Symposium on Manned Space 
rm. Los Angeles, Calif. Sponsors: 
IAS, NASA, pene Corp. Contact: IAS, 
2 Bast 64th St., N. Y. 21, N. Y. 


April 20-22—1960 IRE Southwestern Con- 
ference and Electronics Show, Sham- 
rock-Hilton, Houston, Texas. Contact 
= P. O. Box 22331, Houston 27, 

exas 


* April 27-29—6th Annual ISA Southeastern 
Conference and Exhibit; with ISA Pulp 
end Paper Instrumentation Symposium, 
Pensacola, Fla. Sponsor: Pensacola 
Section ISA. Contact: W. H. Matthews, 
Chemstrand Corp., P. O. Box 1507, 
Pensacola, Fla. 


MAY 1960 


wMay 2-3—ISA National Symposium on 
ectrical gr! Instrumentation, Wil- 
mington, Del. Contact: Director, Tech- 
nical and Education Services, ISA, 313 
6th Ave., Pittsburgh 22, Pa. 


*May 2-5—6th National ISA Flight Test 
Symposium, San Diego, Calif. Contact 
H. K. Cheney, Flight Test Symposium, 
P.O. Box 555, San Diego 10, Calif. 


May 2-6—Western Joint Computer Confer- 
ence, San Francisco, Calif. Sponsors: 
IRE, ACM, AIEE. 


*%May 9-11—3rd National ISA Power In- 
strumentation Symposium, San Fran- 
cisco State College, San Francisco, 
Calif. Contact: Director, Technical & 
Educational Services, ISA, 313 6th 
Ave., Pittsburgh 22, Pa. 


*May 9-12 — ISA Instrument-Automation 
Spring Conference and Exhibit, Civic 
Auditorium and Brooks Hall, San 
Francisco, Calif. Contact: William 
Kushnick, Executive Director, ISA, 
313 6th Ave., Pittsburgh 22, * 


May 17-18— Symposium on Superconductive 
Techniques for Computing Systems. 
Washington, D. C. Sponsor: Informa- 
tion Systems Branch, Dept. of the 
Navy. Contact: Miss Josephine Leno, 
Code 430A, Office of Naval Research, 
Washington 25, D. C. 


wMay 23-25 — 9th National Telemetering 
onference, Miramar Hotel, Santa 
Monica, Calif. Sponsor: ISA with AIEE, 
ARS, IAS cooperating. Contact: Direc- 
tor. Technical & Educational Services, 
ISA, 313 6th Ave., Pittsburgh 22, Pa. 


May 24-27—Australian Conference on Auto- 
matic Comp —- and Data Processing, 
Sydney, Australia. Sponsor: Australian 
National Committee on Computation 
and Automatic Control. Cantact spon- 
sor, c/o The Institution of Engineers, 
Science House, 157 Gloucester St., Syd- 
ney, Australia. 


JUNE 1960 


*xJune 1-3—6th Annual ISA Instrumental 
Methods of Analysis Symposium, Mon- 
treal, Canada. Contact: Director, Tech- 
nical and Education Services, ISA, 313 
6th Ave., Pittsburgh 22, Pa. 


*xJune 25- pute 5—First International Con- 
ess for Automatic Control, Moscow, 
SSR. Sponsors: AACC (ISA, ASME, 

AIEE, AIChE, IRE) Contact: Dr. 
Nathaniel Nichols, Chief Engineer. 
carer & Instrument Companies, Roches- 
er, 


SEPTEMBER 1960 


*xSeptember 7-93—Joint Automatic Control 
Conference, MIT, Cambridge, Mass. 
Sponsors: AIEE, ASME, AIChE, IRE, 
ISA. Contact: Dr. James Mozley, John 
Hopkins U., Baltimore, Md. 


xSeptember 26-30—ISA Instrument-Auto- 
mation 15th Annual Conference and 
Exhibit. New York Coliseum, New 
York City. Contact: William Kushnick, 
Executive Director, ISA, 313 6th Ave., 
Pittsburgh 22, Pa. 


NOVEMBER 1960 


*%x November (date to be annouuced) 13th 
Annual Conference on Electronic Tech- 
niques in Medicine and met; Wash- 
ington, D. C. Sponsors: IRE A. Con- 
tact: Director, Technical and Educa- 
tional Services. ISA, 313 6th Ave., 
Pittsburgh 22. Pa. 





COMING YOUR WAY 


~ * * 





1960 Iron and Steel Conference, Pittsburgh, March 23-24 
6th Nuclear Congress, New York City, April 3-8 


~~ FT @ 


AND DON’T FORGET “THE BIG 3” IN ‘60 ... 
ISA Instrument-Automation Conference and Exhibit — HOUSTON — February 1-4 

ISA Instrument-Automation Conference and Exhibit — SAN FRANCISCO — May 9-12 

ISA Instrument-Automation Conference and Exhibit and 15th Annual Meeting — NEW YORK — September 26-30 
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INTEGRAL POSITIONER 


@ Guaranteed tight shutoff 





any other positioner. 


EXCLUSIVE 

PISTON LIPSEALS 
Bubble-tight sealing and 
sensitive positioning. 


CAST ALUMINUM YOKE 
Extra strong; cannot rust. 


at any pressure or 


temperature 
POWERFUL 
CYLINDER ACTUATOR 
Uses high pressure, 


small volume for @ Simplified construction 

ond positios positioning. means less maintenance 
and fewer replacement 
parts 


Quick delivery in all sizes 
3/," thru 6” 


Available in straight-thru, 


VARIETY OF three-way and angle 


BODY MATERIALS 


Available in steel, 
bronze, ductile iron, and all 


design; also with hand- 
wheel actuators, manual 


castable alloys; extra 
thick body walls meet 
600 Ib. ASA Rating. 


override, radiation fins 
and other optional 
features 

SEPARABLE OR 

INTEGRAL FLANGES 


Integral type meets ISA 
Face-to-Face Dimensions. 


sony besten Partial List of Conoflow LB 
yap = Valve Users: 

ALUMINUM CO. OF AMERICA 
AMERICAN CAN CO. 

ARMOUR & CO. 

ARMSTRONG CORK CO. 
ATLAS POWDER CO. 
BETHLEHEM STEEL CO. 
CROSSETT PAPER MILLS, INC. 
CROWN-ZELLERBACH CORP. 
DOW CHEMICAL CO. 
GENERAL FOODS CORP. 
HAMMERMILL PAPER CO. 
HERCULES POWDER CO. 
JONES & LAUGHLIN STEEL CO. 
KIMBERLY-CLARK CORP. 
OLIN MATHIESON CHEM. CORP. 
MERCK SHARP & DOHME 
PABST BREWING CO. 
REYNOLDS ALUMINUM CO. 
JOS. SCHLITZ BREWING CO. 
SCOTT PAPER CO. 

SEAGRAM DISTILLERS CO. 

E. R. SQUIBB & SONS 

UNION CARBIDE CORP. 

U. S. RUBBER CO. 

U. S. STEEL CORP. 
WEYERHAEUSER TIMBER CO. 


LIFT-OUT SEAT RING 
Quick replacement feature 
saves time and labor costs. 


USERS FROM COAST TO COAST SPECIFY 


“CONOFLOW LB VALVES 


for Automatic Control that’s Headache-Proof”’ 


When company after company switches to Conoflow LB control 
valves—and constantly reorder—there must be a reason. Leading 
manufacturers use Conoflow LB valves because they want head- 
ache-proof control—and they get it. Specify Conoflow LB valves for 
performance, economy and dependability—complete satisfaction. 
For additional information telephone your Conoflow representative 
(located in principal cities); or write to Conoflow Corporation, 
2100 Arch Street, Philadelphia 3, Pa. for Bulletin LB-3 


ccgso2 


CONOFLOW CORPORATION 


FOREMOST IN FINAL CONTROL ELEMENTS 


WALWORTH 


CIRCLE NO. 145 ON PAGE 109 





Electronic controllers for 
high-performance systems! 


The new GPE Controls R465 Electronic Controller is built 
for high performance in every aspect...the result is the highest 
degree of dynamic accuracy possible. Three times 
as fast as other known control systems, yet comparably priced. 
With GPE Controls electric transmitters and electro-hydraulic 
valve actuators, precise control can be maintained at more than 
20 cps. Easy, low-cost installation, because high-level d.c. signal 
makes possible simple unshielded wiring. Instant visual com- 


parison of parallel set-point and process variable indicators. 


GPE Controls R465 Electronic Controller 

features advanced functional design throughout. 

Controller drawer (left) and manual/automatic station (right) 
are housed in a dustproof mounting case. 

Either section may be serviced while the other 

controls the process. Proportional band, rate, and 

reset controls are accessible from the front 

while controller is operating, and are calibrated 

in logarithmic steps for ease in adjusting 

to process dynamics. 





NEW factual bulletin tells the “how and why” 
of electronic control. Write for your copy today! 


4 
GS PB GENERAI 
ovtleotd- PRECISION GPE Controls, Inc. (former ly Askania Regulator Company) 


COMPANY 240 East Ontario Street *« Chicago 11, Illinois 











A Subsidiary of GENERAL PRECISION EQUIPMENT CORPORATION 


CIRCLE NO. 146 ON PAGE 109 


























